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Mr DEAK Sm Walter, 
As it was at your suggestion that I undertook to 
draw up a popular account of those prodigies of the 
material world which hare received the appella- 
tion of Natural Magic^ I have availed myself of the 
privilege of introducing it under the shelter of your 
name. Although I cannot hope to produce a vol* 
ume at all approaching in interest to thaw which 
you have contributed to the Family Library, yet 
the popular character of some of the topics which 
belong to this branch of Demonology may atone 
for the defects of the following Letters ; and I shall 
deem it no slight honour if they «haSl^)^ ^^usL^^t^ 
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14 LETTERS ON NATURAL MAOIC. 

as forming an appropriate supplement to your valu- 
able work. 

The subject of Natural Magic is one of great 
extent, as well as of deep interest. In its widest 
range, it embraces the history of the governments 
and the superstitions of ancient times,— of the means 
by which they maintauied their influence over the 
human mind, — of the assistance which they derived 
from the arts and the sciences, and from a know- 
ledge of the powers and phenomena of nature. 
When the t3rrants of antiqmty were unable or un- 
willing to found their sovereignty on the afl*ections 
and interests of their people, they sought to in- 
trench themselves in the strongholds of supernatural 
influence, and to rule with the delegated authority 
of heaven. The prince, the priest, and the sage 
were leagued in a dark conspiracy to deceive and 
enslave their species; and man, who refused his 
submission to a being like himself, became the obe- 
dient slave of a spiritual despotism, and willingly 
bound himself in chams when they seemed to have 
been forged by the gods. 

This system of imposture was greatly favoured 
b}[ the ignorance of tnese early ages. The hiunan 
mind is at all times fond of the marvellous, and the 
credulity of the individual may be often measured 
by his own attachment to the truth. When know- 
ledge WBS the property of oiHy one caste, it was by 
no means difficult to employ it in the subjugation 
of fhe great mass of society. An acquaintance 
iprith fhe motions of the heavenly bodies, and the 
rariations in the state of the atmosphere, enabled 
ita poaaeaaor to predict astronomical and meteorolo- 
gical p^^enomena with a frequency and an accuracy 
which could not fail to invest him with a divine 
■ character. The power of bringing down fire from 
'''^- tlie heavens, even at times when the electric influ- 
•nee was itself in a state of repose, could be re- 
gmrded only aa a gift from beaten. TYie ^^«t q1 



* "■'■ ■ '. 



RSSOVRCES OF THE ANCIEICT MAOIC. itf 

Tendering the human body insensible to fire was an 
irresistime instrument of imposture; and in the 
combinations of chymistry, and the influence of 
drugs and soporific embrocations on the human 
frame, the ancient magicians found their most avail- 
able resources. 

The secret use which was thus made of scientific 
discoveries and of remarkable inventions .has no 
doubt prevented many of them from reacliing the 
present times ; but though we are very ill informed 
respecting the progress of the ancients in various 
departments of the physical sciences, yet we have 
sufficient evidence that almost every branch of 
knowledge had contributed its wonders to the ma- 
gician^s budget, and we may even obtain some in- 
sight into the scientific acquirements of fbrmer 
ages, by a diligent study of their fables and their 
miracles. 

The science of Acoustics furnished the ancient 
sorcerers with some of their best deceptions. The 
imitation of thunder in their subterranean temples 
could not fail to indicate the presence of a super- 
natural agent. The golden virgins whose ravishing 
voices resounded through the temple of Delphos, 
^-the stone from the river Pactolus, whose trumpet 
notes scared the robber from the treasure which it 
guarded, — the speaking head which uttered its oracu- 
lar responses at Lesbos, — and the vocal statue of 
Memnon, which began at the break of day to accost 
the rising sun, — ^were all deceptions derived from 
science, and from a diligent observation of the phe- 
nomena of nature. 

The principles of Hydrostatics were equally avaE- 
able in the work of deception. The marvellous 
fountain wliich Pliny describes in the island of An- 
dros as discharging wine for seven days, and water 
during the test of the year, — the spring of oil which 
broke out in Rome to welcome the return of Augus- 
tus from the Sicilian war, — ^the three empty unia 
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which fined themselves with wine at the annual 
feast of Bacchus in the city of Elis, — the ^lass tomb 
of Belus which was full of oil, and which, when 
once emptied by Xerxes, could not again bo filled,— 
the weeping statues, and the perpetual lamps of the 
ancients, — were all the obvious effects of the equili- 
brium and pressure of fluids. 

Although we have no direct evidence that the phi* 
losophers of antiquity were skilled in Mechanics^ 
yet there are indications of their knowledge, by no 
means equivocal, m the erection of .the Egyptian 
obelisks, and in the transportation of huge masses 
of stone, and their subseouont elevation to great 
heights in their temples. The powers which they 
employed, and the mechanism oy which the>r ope- 
rated, nave been studiously concealed, but their ex- 
isti'nre may be inferred from results otherwise in- 
explicable, and the inference derives additional con- 
firmation from the mechanical arranjjfements which 
seemed to have formed a part of their religious im- 
postures. When, in some of the infamous mysteries 
of ancient Rome, the unfortunate victims were car- 
ried oflf by the gods, there is reason to believe that 
they were hurried away by the power of machinery ; 
and when Apollonius, conducted by the Indian sages 
to the temple of their god, felt the earth rising and 
falling beneath his feet like the agitated sea, he 
was no doul)t placed upon a moving floor capable 
of imitating the heavings of the waves. The rapid 
descent of those who consulted the oracle in the 
cava of Trophonius, — the moving tripods which 
ApoHonius saw in the Indian temples, — the walk- 
ing statues at Antium, and in the Temple of Iliera- 
polls^— and the wooden pigeon of Archytas, — are 
specimens of the mechanical resources of the an- 
cient magic. 

But of all the sciences Optici is the most fertile 
in marvellous expedients. The power of bringing 
ibe remotcHt objects witlun tVw6 Neiy SEn^"^ of the 
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ol»server, and of swelling into gigantic magnitude 
the a^ost invisible bodies of the material world, 
never fails to inspire with astonishment even those 
who understand the means by which these prodigies 
are accomplished. The ancients, indeed, were not 
acquainted with those combinations of lenses and 
mirrors which constitute the telescope and the mi- 
croscope, but they must have been familiar with 
the property of lenses and mirrors to form erect and 
inverted images of objects. There is reaaon to 
think that they employed them to effect the appari- 
tion of their gods ; and in some of the descriptions 
of the optical displays which hallowed their ancient 
temples, we recognise all the transformations of the 
modern phantasmagoria. 

It would be an interesting pursuit to imbody the 
information which history supplies respecting the 
fables and incantations of the ancient superstitions, 
and to show how far thej can be explained by the 
scientific knowledge which then prevailed. This 
task has, to a certain extent, been performed by M. 
Eusebe Salverte, in a work on the occult sciences, 
which has recently appeared : but notwithstanding 
the ingenuity and learning which it displays, the in- 
dividual facts are too scanty to support the specu- 
lations of the author, and the descriptions are too 
meager to satisfy the curiosity of the reader.* 

In the following Letters I propose to take a wider 
ruige, and to enter into more minute and popular 
details. The principal phenomena of nature, and 
the leading combinations of art, which bear the im- 
press of a supernatural character, will pass under 
our review, and our attention will be particularly 
called to those singular illusions of sense by which 

* We must oantion the yoonf reader against some or the views given 
In M. Salverie's work. In his anxiety to account for every thing mi- 
racolous by natural causes, he has ascribed to the same origin some of 
thoM svenfs In sacred history which ClmalOaxA wck&niv. \nx twiiia^'^i^ 
iJie getalt of divine ageaey, 
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the most perfect organs either cease to perform 
their functions, or perform them faithlessly ; and 
where the efforts and the creations of the mind 
predominate over the direct perceptions of external . 
nature. 

In executing this plan, the task of selection is 
rendered extremely difficult, by the superabundance 
of materials, as well as from the variety of Judg* 
ments for which these materials must be prepared. 
Modem science ma}r be regarded as one vast miracle, 
whether we view it in relation to the Almighty 
Being by whom its objects and its laws were 
formed, or to the feeble intellect of man, by which 
its depths have been sounded, and its mysteries ex* 
plorea : and if the philosopher who is familiarized 
with its wonders, and who has studied them as 
necessary results of general laws, never ceases to 
admire and adore their Author, how great should 
be their effect upon less giftod^ minds, who must 
ever view them in the light of inexplicable prodigiesu 
—Man has in all ages sought for a sign from 
heaven, and yet he has been habitually blind to the 
millions of wonders with which he is surroimded. 
If the following pages should contribute to abate 
this deplorable indifi^rence to all that is grand and 
sublime in the miiverse; and if they shomd inspire 
the reader with a portion of that enthusiasm of love 
and gratitude which can alone prepare the mind fox 
its final triumph, the labours oi the author will no* 
bare been wholly fruitless. 
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LETTER n. 

The Eye the most important of our Organa— Popular Deaertptlfm of 
it— The Eyeis the most fertile Source of mental Illusions— Disappear- 
ance of Objects when their Images fitll upon the Base of the optio 
Nerve— Disappearance of Objects when seen obliquely— Deceptions 
arising firom viewing Objects in a faint Ligbt — Luminous Figures cre- 
ated by Pressure on the Eye either from external Causes or (Vom the 
Fulness of the Blood-vessels — Ocular Spectra or accidental Colours- 
Remarkable Effects produced by intense Light— Influence of ihe Ima- 
gination in viewing these Spectra — Remarkable Illusion produced by 
this Affection of the Eye— Duration of Impressions of Light on tM 
Eye — ^Thaumatrope — Improvements upon it suggested ->Disappear- 
anceof Halves of Objects or of one of two Persons— Insensibility of 
the Eye to particular Colours— Renuurkable Optical Illusion described. 

Op all the omois by which we acquire a know- 
ledge of external nature the eye is the most remark- 
able and the most important. By our other senses 
the information we obtain is comparatively limited. 
The touch and the taste extend no further than the 
surface of our own bodies. The sense of smell is 
exercised within a very narrow sphere, and that of 
recognising sounds is limited to the distance at which 
we hear the bursting of a meteor and the crash of a 
thunderbolt. But the eye enjoys a boundless range 
of observation. It takes cognizance, not only of 
other worlds belonging to the solar system, but of 
other systems of worlds infinitely removed into the 
immensit}r of space ; and when aided by the telescope, 
the invention of human wisdom, it is able to discover 
the forms, the phenomena, and the movements of 
bodies whose distance is as inexpressible in language 
as it is inconceivable in thought. 

While the human eye has been admired by ordi- 
nary observers for the beauty of its form, the power 
of its movements, and the variety of its expression, 
it has excited the wonder of pnilosophers by the 
exquisite mechanism of its interior, and its alxv^jslax 
adaptation to the variety oi ^>sr^^iiH*\^^c».*^^K» 
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to senre The e^ebaU is nearly globi^lar, and ia 
about an inch in diameter. It is fomieol externally 
by a tough opaque membrane called tihe sclerotic 
coat, which forms the white of the eye, with the 
exception of a small circular portion ini front called 
the cornea. This portion is perfectly transparent 
and so tough in its nature as to afford a powerful re- 
sistance to external injury. Immediately within the 
cornea, and in contact with it, is the aqueous humour, 
a clear fluid, which occupies only a small part of the 
front of the eye. Withm this humour is the iris, a 
circular membrane with a hole in its centre called 
the pupil. The colour of the eye resides in this mem- 
brane, which has the curious property of contracting 
and expanding so as to diminish or enlarge the pupi^ 
— an effect which human ingenuity has not been able 
even to imitate. Behind the iris is suspended the 
crystalline lens in a fine transparent xapsule or baff 
of^the same form with itself. It is then succeeded 
by the vitreous humour^ which resembles the trans- 
parent white of an egg, and fills up the rest of the 
eye. Behind the vitreous humour, there is spread 
out on the inside of the eyeball a fine delicate mem- 
brane, called the retina^ which is an expansion of the 
&ptic nerve, entering the back of the eye, and com- 
municating with the brain. 

A perspective view and horizontal section of the 
left eye, shown in the annexed figure, will convey a 
popular idea of its structure. It is, as it were, a 
small camera obscura, by means of which the pic- 
tures of external objects are painted on the retina, 
and, in a way of which we are ignorant, it conveys 
the impression of them to the brain. 

This wonderful organ may be considered as the 

tentinel which guar£ the pass between the worlds 

•f matter and of spirit, and through which all their 

communications are interchanged. The optic nerve 

J8 the channel by which the mind peruses the hand- 

writiagof A'ature on the retina, 3Sft!i\Y«o>ai!?^vj>KL^^ 

U tndmn to that material ta&Ael \\a ^cmoTA '«&^ 
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Fig. 1. 




>eations. The eye is consequently the principal 
of the supernatural. When tlie indications of 
larvellous are addressed to us through the ear, 
nind may be startled without being deceived, 
eason may* succeed in suggesting some proba^- 
ource of the illusion by which we have been 
led : but when the eye m solitude sees before 
! forms of life, fresh in their colours and vivid 
iir outline ; when distant or departed friends are 
)nly presented to its view ; when visible bodies 
pear and reappear without any intelligible cause ; 
vhen it beholds objects, whether real or ima^ 
y, for whose presence no cause can be assigned, 
3nviction of supernatural agency becomes under 
ary circumstances unavoidable, 
mce it is not only an amusing but a useful oc- 
lion to acquire a knowledge of those causes 
h are capable of producing so strange a belief, 
her it arises from the delusions which the mind 
ises upon itself, or from the dexterity and sci- 
of others. I shall therefore proceed to explain 
J illusions which have their origin in the eye, 
her they are general, or only occasionally ex- 
3d in particular persons, and under particular 
mstances. 
?re are few persons aware t\ial ^\wetl>2QK^^s>"^^ 
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with one eye there is some particular object before 
them to which they are absolutely blind. If we look 
with the right eye this point is always about 15^ to 
the right of the object which we are viewing, or to 
the right of the axis of the eye or the point of most 
distinct vision. If we look with the left eye the 
7K)int is as far to the left. In order to be convinced 
of this curious fact, which was discovered by M. 
Mariotte, place two coloured wafers upon a sheet of 
white paper at the distance of three inches, and look 
at the left-hand wafer with the riffht eye at the dis- 
tance of about 11 or 12 inches, taking care to keep 
the eye straight above the wafer, and the line which 
joins the eyes parallel to the line which joins the 
wafers. 'When this is done, and the left eye clOBed, 
the right-hand wafer will no longer be visible. The 
same effect will be produced if we close the right 
eye and look with the left eye at the right-hand 
wafer. When we examine the retina to discover to 
what part of it this insensibility to light belongs, we 
find that the image of the invisible wafer has fallen 
on the base of the optic nerve, or the place where 
this nerve enters the eye and expands itself to form 
the retina. This point is shown in the preceding 
figure by a convexity at the place where the nerve 
enters the eye. 

But though light of ordinary intensity makes no 
impression upon this part of the eye, a very strong 
light does, and even when we use candles or highly 
luminous bodies in place of wafers the body does 
not wholly disappear, but leaves behind a faint 
cloudy light, without, however, giving any thing 
like an image of the object from which the light 
proceeds. 

When the objects are tohite wafers upon a black 

ground, the white wafer absolutely disappears, and 

the space which it covers appears to be completely 

Uack; and as the light which illuminates a land* 

scm if not much diLffeTent fTom tY^t oi ^^hitis 

rafivv we tfhanld expect, wtotheT ^e ^q&a ota ^^ 
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both eyes,* to see a black or a dark spot upon every 
landscape within 15° of the point which most par- 
ticularly attracts our notice. The Divine Artificer, 
however, has not left his work thus imperfect. 
Though the base of the optic nerve is insensible to 
light that falls directly upon it, yet it has been made 
susceptible of receiving luminous impressions from 
the parts which surround it, and the consequence of 
this is, that when the wafer disappears, the spot 
which it occupied, in place of being black, has always 
the same colour as tne ground upon which the wafer 
is laid, being white when the wafer is placed upon a 
white ground, and red when it is placed upon a red 
ground. This curious effect may be rudely illus- 
trated by comparing the retina to a sheet of blotting- 
paper, and the base of the. optic nerve to a circular 
portion of it covered with a piece of sponge. If a 
shower falls upon the paper, the protected part 
will not be wetted by the rain which falls upon the 
sponge that covers it, but in a few seconds it will be 
as effectually wetted by the moisture which it absorbs 
from the wet paper with which it is surrounded. In 
like manner the insensible spot on the retina is stim- 
ulated by a borrowed light, and the apparent defect 
is so completely removed that its existence can be de- 
termined only by the experiment already described. 
Of the same character, but far more general in 
its effects, and important in its consequences, is 
another illusion of the eye which presented itself 
to me several years ago. When the eye is steadily 
occupied in viewing any particular object, or when 
it takes a fixed direction while the mind is occu- 
pied with any engrossing topic of speculation or 
of grief, it suddenly loses sight of, or becomes 
blind to, objects seen indirectly, or upon which it 

* When both eyes are open, the object whoae image fUis upon the in- 
sensible spot of the one eye is seen by the oiher« so thax lU<m^\l\a^<A. 
Invisible^ jet It wiU only be half as imn&iioua, mA i^vntocn Vfi« ^hS*^ 



24 LETTERS ON HATURAL lUOIC. 

is not iiilly directed. This takes place whether 
we use one or both eyes, and the object which 
disappears will reappear without anychanp^e in the 
position of the eye, while other objects will vanish 
and revive in succession without any apparent 
cause. U a sportsman, for example, is watchingf 
with intense interest the motions of one of his 
dogs, his companion, though seen with perfect 
clearness by indirect vision, will vanish, and the 
light of the heath or of the sky will close in upon 
the spot which he occupied. 

In order to witness this illusion, put a little bit 
of white paper on a green cloth, and within three 
or four inches of it place a narrow strip of white 
paper. At the distance of twelve or cighteoi 
mches, fix one eye steadily upon the little bit of 
white paper, and in a short time a part or even the 
whole of the strip of paper will vanish as if it had 
been removed from the g^reen cloth. It will again 
reappear, and again vanish, the effect depending 
greatly on the steadiness with which the eye is 
kept fixed. This Ulusion takes place when both 
the eyes are open, though it is easier to observe it 
when one of them is closed. The same thing 
happens when the object is luminous. When a 
candle is thus seen by indirect vision, it never 
wholly disappears, but it spreads itself out into a 
cloudy mass, the centre of which is blue, encircled 
with a bright ring of yellow light. 

This in^iUty of the eye to preserve a sustainad 
vision of objects seen obliquely is curiously com- 
pensated by the greater sensibility of those parts 
of the eye that have this defect. The eye haa the 
power of seeing objects with perfect distinctnesBi 
only when it is directed straight upon them ; that 
is, all objects been indirectly are seen indistinctly: 
bot it is a curious circumstance, that when we 
wmb to obtain a sight of a very f^int star^ such as 
one of the aatellitea of Saturn, ^% tani^Vt ' 
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distinctly by looking away from ity and when the eye 
is turned full upon it, it immediately disappears. 

Effects still more remarkable are produced in the 
eye when it views objects that are difficult to be 
seen from the small deg^e of Ught with which 
they happen to be illuminated. The imperfect yiew 
which we obtain of such objects forces us to fix 
the eye more steadily upon them ; but the more 
exertion we make to ascertain what they are, the 
greater difficulties do we encounter to accomplish 
our object. The eye is actually thrown into a 
state of the most painful agitation ; the object will 
swell and contract, and partly disappear, and it 
will again become visible when the eye has re- 
covered from the delirium into which it has been 
thrown. This phenomenon may be most distinctly 
seen when the objects in a room are illuminated 
with the feeble gleam of a fire almost extinguished ; 
but it may be observed in daylight by the sports- 
man when he endeavours to mark upon the monoto- 
nous heath the particular spot where moor-game 
has alighted. Availing himself of the slightest dif- 
ference of tint in the adjacent heath, he Keeps his 
eye steadily fixed on it as he advances, but when- 
ever the. contrast of illumination is feeble, he will 
invariably lose si^ht of his mark, and if the retina 
is capable of taking it up, it is only to lose it a 
second time. 

This illusion is likely to be most efficacious in 
the dark, when there is just sufficient Ught to ren- 
der white objects faintly visible, and to persons who 
are either timid or credulous must prove a frequent 
source of alarm. Its influence too is greatly aided 
by another condition of the eye, into whicn it is 
thrown during partial darkness. The pupil expands 
nearly to the whole width of the iris in order to col- 
lect the feeble light which prevails ; but it isdemoik- 
titrable that in this state tne eye evosvoX %RX2Xsissfis^* 
date itself to see near obiects ^^s^fiM^^^A^Qosfr.*^ 

O 
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foiTO of persons and things actually become mow 
shadowy and confused when they come within the 
very distance at which we count upon obtaining the 
best view of them. These affections of the eye are, 
we are persuaded, very frequent causes of a particu- 
lar class of apparitions which are seen at night by 
the young and ignorant. The spectres which are 
conjured up are always white j because no other col 
our can be seen, and they are either formed out of 
inanimate objects which reflect more light than 
others around them, or of animals or human beings 
whose colour or change of place renders them more 
visible in the dark. When the eye dimly descries 
an inanimate object whose different parts reflect 
different degrees of light, its brighter parts may en- 
able the spectator to keep up a continued view of 
it ; but the disappearance and reappearance of its 
fainter parts, and the change of shape which ensues, 
will necessarily give it the semblance of a living 
form, and if it occupies a position which is unap- 
proachable, and where animate objects cannot find 
their way, the mind will soon transfer to it a super- 
natural existence. In like manner a human figure 
shadowed forth in a feeble twilight may undergo 
similar changes, and after being distinctly seen 
while it is in a situation favourable for receiving 
and reflecting light, it may suddenly disappear in 
a position fully before, and within the reach of, the 
observer's eye ; and if this evanescence takes place 
in a path or road where there was no side-way by 
which the figure could escape, it is not easy for an 
ordinary roiml to efface the impression which it can- 
not fail to receive. Under such circumstances, we 
never think of distrusting an organ which we have 
never found to deceive us ; afid the truth of the 
maxim that " seeing is believing*' is too univer- 
sally admitted, and too deeply rooted in our na^ 
ture, to admit on any occasioiiof ^.^inc^le exception. 
la tlume obsenrations ^e Yiaive tsoQ^^Mft^^Oos^^doft 
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spectator bears along with him no fears or preju- 
dices, and is a faithful interpreter of ^the phenomena 
presented to his senses ; but if he is himself a be- 
liever in apparitions, and unwilling to receive an 
ocular demonstration of their reality, it is not diffi- 
cult to conceive the picture which will be drawn 
when external objects are distorted and caricatured 
by the imperfect indications of his senses, and col- 
oured with all the vivid hues of the imagination. 

Another class of ocular deceptions have their 
origin in a property of the eye which has been very 
imperfectly exammed. The fine nervous fabric 
wluch constitutes the retina, and which extends to 
the brain, has the singular property of being phos- 
phorescent by pressure. When we press the eyeball 
outwards by applying the point of the finger between 
it and the nose, a circle of light will be seen, which 
Sir Isaac Newton describes as " a circle of colours 
like those in the feather of a peacock's tail." He 
adds, that " if the eye and the finger remain quiet, 
these colours vanish in a second of time, but if the 
finger be moved with a quavering motion they appear 
again." In the numerous observations whicn I have 
made on these luminous circles, I have never been 
able to observe any colour but white, with the ex- 
ception of a general red tinge which is seen when 
the eyelids are closed, and which is produced by the 
light which passes through them. The luminous 
circles too always continue while the pressure is 
applied, and they may be produced as readily after 
the eye has been long in darkness as when it has 
been recently exposed to light. When the pressure 
is very gently applied, so as to compress the fine 
pulpy substance of the retina, light is immediately 
created when the eye is in total darkness ; and when 
in this state light is allowed to fall upon it, the part 
compressed is more sensible to light than any other 
part, -and consequently appears more Iuicvuvq\j&. \^ 
we increase the pressure, lYve c5Y^\i^^^3fc\MJ, ^^^^ 
T^itb incompressMe fluids, -wVUlptoVroi^^ ^KLXwasiSO^ 
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point of pressure, and consequently the retina at the 
protruded part wiU ie campressedy by the outward 
pressure of the contained fluid, while the retina on 
each side, namely, under the point of pressure and 
beyond the protruded part, will be drawn towards 
the protruded part or dUated, Hence the part under 
the nnger which was' originally compressed is now 
dUaUd^ the a^acent parts compressed, and the more 
remote parts unmediately without this dilated also. 
Now we have observed, that when the eye is, under 
these circumstances, exposed to light, there is a bright 
luminous circle shading off externally and internally 
into total darimess. We are led therefore to the im* 
portant conclusions, that when the retina is com- 
pressed in total darkness it gives out light ; that when 
it is coiBpressed when exposed to light, its sensibility 
to tigllt is increased ; and that when it is dilated under 
exposure to light, it becomes absolutely blind, or insen^ 
sidle to all luminous impressions. 

When the body is in a state of perfect health, 
this phosphorescence of the eye shows itself on 
many occasions. When the eye or the head re- 
ceives a sudden blow, a bright flash of light shoots 
from the eyeball. In the act of sneezing, gleams 
of li^t are emitted from each eye, both during 
the mhalation of the air, and during its subse- 
Quent protrusion ; and in blowing air violently 
through the nostrils, two patches of light appear 
above the axis of the eye and in front of it, while 
other two luminous spots unite into one, and ap- 
pear as it were about the point of the nose, when 
the eyes are directed to it. Wlien we turn the 
eyeball by the action of its own muscles, the re- 
tma is aiiected at the place where the muscles are 
inserted, and there may be seen opposite each 
e3re and towards the nose two semicircles of li^ht, 
and other two extremely faint towards the temples. 
^t particvlar times, when the retina is more pnos- 
pboremsent than at others, thesA «et[A.cVi^^^«i^ ^x« 
P^oded into complete ciic\e» ol ^i|£bX. 
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In a state of indisposition, the phosphorescence 
of the retina appears in new ^d more alarming 
forms. When the stomach is under a temporary 
derangement, accompanied with headache, the pres- 
sure of the blood-vessels upon the retina shows itself, 
in total darkness, hy a faint blue light floating be- 
fore the eye, varying in its shape, and passing 
away at one side. This blue light increases in in- 
tensity, becomes green and then yellow, and some- 
times rises to red, all these colours being frequently 
seen at once, or the mass of light shades off into 
darkness. When we consider the variety of dis- 
tinct forms which in a state of perfect liealth the 
imagination can conjure up when looking into a 
burning fire, or vepon an irregularly shaded surface,* 
it is easy to conceive how the masses of coloured 
light which float before the eye may be moulded by 
the same power into those fantastic and natural 
shapes which so often haunt the couch of the invalid, 
even when the mind retains its energy, and is con- 
scious of the illusion under which it labours. In other 
cases, temporary blindness is produced by pressure 
upon the optic nerve, or upon the retina, and un- 
der the excitation of fever or delirium, when the 
physical cause which produces spectral forms is at 
its height, there is superadded a powerful influence 
of the mind, which imparts a new character to the 
phantasms of the senses. 

* A very curions example of the influence of the Imagination in cre- 
ating distinct forms out of an irregularly shaded surface, Is mentioned 
in the life of Peter Heaman, a Swede, who was executed for piracy and 
murder at Leith in 1822. We give it in his own words : 

" One remarkable thing was, one day as we mended a sail, it being a 
Tery thin one, after laying it upon deck in folds, I took the tar bruAh and 
tartW it over in the places which I thought needed to be strengthened. 
But when we hoisted it up, I was astonished to see that the tar 1 had 
put upon it represented a gallows and a man under it without a head. 
The head was lying beside him. He was complete, body, thighs^ legs, 
arms, and in every shaiie like a man. Now, loflentimes made remarks 
upon it, and repeated them to the others. I always said to them all,. you 
may depend upon it that something will happen. I afterward took down 
the sail on a calm day, and sewed a piece of canvaaa Qv«cvtkA^i9|2^^\» . 
tover a, fori ooold not bear to bave it QXYra,'s«\Mfoi«mi «^t»r 
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In order to complete the history of the illusioiiB 
which originate in the eye, it will be necessary to 
give some account of the phenomena called ocuiar 
spectra^ or accidental colours. If we cut a figure 
out of red paper, and placing it on a sheet of white 
paper, view it steadily for some seconds with one 
or both eyes fixed on a particular part of it, we 
shall observe the red colour to become less brilliant. 
If we then turn the eye from the red figure upon 
the white paper, we shall see a distinct green 
fiffure, which is the spectrum, or accidental colour 
of the red figure. With differently coloured figures 
we shall observe differently coloured spectra, as in 
the following table : 

Cokmr of the Colonrof the Spec- 

Orlirtiwl flgurw. tral flgurea. 

Red, Bluish-green. 

Orange, Blue. 

Yellow, Indigo. 

Green, Reddish-violet. 

Blue, Orange-red. 

Indigo, Orange-yellow. 

Violet, YeUow. 

White, Black. 

Black, White. 

The two last of these experiments, viz. white and 
black figures, may be satisfactorily made by usinff 
a white medallion on a dark ground, and a black 
profile figure. The spectrum of the former wiU be 
found to be black, and that of the latter white. 

These ocuLur spectra often show themselves 
without any effort on our part, and even without 
our knowledge. In a highly painted room illumi- 
nated bv the sun, those parts of the furniture on 
which the sun does not directly fall, have alwajrs 
the opposite or accidental colour. If the sun shines 
throagh a chink in a red window-curtain, its light 
win appear green, varying, as in the above tabte, 
^ with ma colour of the curtain \ and if we look si 
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the image of a candle reflected from the water in a 
blue finger glass, it will appear yellow. Whenever, 
in short, the eye is affected with one prevailing col* 
our, it sees at the same time the spectral or acci- 
dental colour, just as when a musical string is 
vibrating, the ear hears at the same time its fun> 
damentsd and its harmonic sounds. 

If the prevailing light is white and very strong^, 
the spectra which it produces are no longer black, 
but of various colours in succession. If we look 
at the sun for example, when near the horizon, or 
when reflected from glass or water, so as to mod- 
erate its brilliancy, and keep the eye upon it steadily 
for a few seconds, we shsdl see even for hours af* 
terward, and whether the eye is open or shut, a 
spectre of the sun varying in its colours. At first, 
with the eye open, it is brownishrred with a sky^ 
blue border, and when the eye is shut, it is green 
with a red border. The red becomes more briUiant, 
and the hltte more vivid, till the impression is 
gradually worn off; but even when they become 
very faint, they may be revived by a gentle pressure 
on the eyeball. 

Some eyes are more susceptible than others of 
these spectral impressions, and Mr. Boyle mentions 
an individual who continued for years to see the 
spectre of the sun when he looked upon bright ob- 
jects. This fact appeared to Locke so interesting 
and inexplicable, that he consulted Sir Isaac New- 
ton respecting its cause, and drew from him the 
following interesting account of a similar effect 
upon himself: "The observation you mention in 
Mr. Boyle's book of colours, I once made upon 
myself with the hazard of my eyes. The manner 
was this ; I looked a very little while upon the 
Sim in the looking-glass with my right eye, and then 
turned my eyes into a dark corner of my cham- 
ber and winked, to observe the impression made, 
aipd the circles of colours whicb. encom^'^Bi^^ V^ 
ajftbow they decayed by degrees^ siui ^X \suiX ^^s^-^ 
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ished. This I repeated a second and a third time. 
At the third time, when the phantasm of light and 
colours about it were almost vanished, intending 
my fancy upon them to see their last appearance, 
1 found, to my amazement, that they oegan to 
return, and by little and little to become as lively 
and vivid as when I had newly looked upon the 
sun. But when I ceased to intend my fancy upon 
them they vanished again. After this I found, 
that, as often as I went into the dark, and intended 
my mind upon them, as when a man looks ear- 
nestly to see any thing which is difficult to be seen, 
I could m^^e the phantasm return without looking 
any more upon the sun ; and the oflener I made it 
return the more easily I could make it return 
again. And at length, by repeating this without 
looking any more upon the sun, I made such an 
impression on my eye, that, if I looked upon the 
clouds, or a book, or any blight object, I saw upon 
it a round bright spot of light like the sun ; and, 
which is still stranger, though I looked upon the 
sun with my right eye only, and not with my left, 
yet my fancy began to make an impression upon 
my left eye as well as upon my right. For if I 
shut my right eye, and looked upon a book or the 
clouds with my left eye, I could see the spectrum 
of the sun almost as plain as with my right eye, if 
I did but intend my fanc^ a little while upon it; 
for at first, if I shut my right eye, and looked with 
my left, the spectrum of the sun did not appear till 
I intended my fancy upon it; but by repeating, 
this appeared every time more easily. And now 
in a few hours time I had brought my eyes to such a 
pass, that I could look upon no bright object with 
either eye but I saw the sun before me, so that 
I durst neither write nor read ; but to recover the 
use of my eyes, shut myself up in my chamber 
made dark, for three days together, and used all 
meaoB in my power to direct my imagination from 
tiw mm, Fot if I thougbX >>poTi \axii A ^^t^w^lfl^ 
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taw his picture though I was in the dark. But 
)y keeping in the dark, and employing my mind 
LDOut other things, I began in three or four days 

have more use of my eyes again; and by for- 
bearing to look npon bright objects, recovered them 
>retty well ; though not so well but that, for some 
nonths after, the spectrums of the sun began to re- 
urn as often as I began to meditate upon the phe- 
lomena, even though I lay in bed at midnight with 
ny curtains drawn. But now I have been very 
veil for many years, though I am apt to think, if 
'. durst venture my eyes, I could still make the 
)hantasm return by the power of my fancy. This 
jtory I teU you, to let you understand, that in the 
observation related bjr Mr. Boyle, the man's fancy 
probably concurred with the impression made by 
he sun*s light to produce that phantasm of the sun 
vhich he constantly saw in bright objects."* 

I am not aware of any effects that had the char- 
icter of supernatural having been actually pro- 
luced by the causes above described ; but it is ob- 
dous, that if a living figure had been projected 
igainst the strong light which imprinted these du 
-^le spectra of the sun, which might really happen 
vhen the solar rays are reflected from water, and 
lifiused by its ruffled surface, this figure would have 
lecessarily accompanied all the luminous spectres 
vluch the fancy created. Even in ordinary lights 
itrange appearances majr be produced by even tran- 
lient impressions, and if*^! am not greatly mistaken, 
he case which I am about to mention is not only 
me which may occur, but which actually happened. 

1 figure dressed in black and mounted upon a white 
lorse was riding along exposed to the bright rays 
)f the sun, which through a small opening in the 
iouds was throwing its light only upon that part of 
he landscape. The black figure was projected against 
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a white cloud, and the white horse shone with pV' 
ticular brilliancy by its contrast with the dark sol 
against which it was seen. A person interested ii 
the arrival of such a stranger had been for some 
time following his movements with intense anaucty, 
but upon his disappearance behind a wood, was sur- 
prised to observe the spectre of the mounted stran* 
ger in the form of a white rider upon a black steedp 
and this spectre was seen for some time in the sky, 
or upon any pale ground to which the eye was di- 
rected. Such an occurrence, especiiilly if accompa* 
nied with a suitable combination of events, might 
even in modern times have formed a chapter in tiu 
history of tlie marvellous. 

It is a curious circumstance, that when the image 
of an object is impressed upon the retina only for i 
few moments, the picture which is left is exactly 
of the same colour with the object. If we look for 
example at a window at some distance from the eye, 
and then transfer the eye quickly to the wall, we 
shall see it distinctly but momentarily with ligk 
panes and dark bars ; but in a space of time incal- 
culably short, this picture is succeeded by the spec- 
tral impression of the window, which will consist of 
black panes and white bars. The similar spectnin, 
or that of the same colour as the object, is finely 
seen in the experiment of forming luminous circlet 
by wYiirling round a burning stick, in which case ih» 
circles are always red. 

In virtue of this property of the eye an object 
may be seen in many places at once ; and we may 
even exhibit at the same instant the two opposite 
sides of the same object, or two pictures painted on 
the opposite sides of a piece of card. It was found 
by a French philosopher M. D'Arcet, that the im- 
pression of light continued on the retina about the 
eiffhth part of a second after the luminous body was 
withdrawn, and upon this principle Dr. Paris has 
constructed the pretty little instrument called the 
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IViaumatropey or the Wonder-turner. It consists of 
a number of circular pieces of card about two or 
three inches broad, which may be twirled round with 
great velocity by the application of the fore-finger 
and thumb of each hand to pieces of silk string at- 
tached to opposite points of their circumference. 
On each side of the circular piece of card is painted 
part of a picture, or a part of a figure, in such a man- 
ner that the two parts would form a group or a 
whole figure if we could see both sides at once. 
Harlequin for example is painted on one side, and 
Columbine on the other, so that by twirling round 
the card the two are seen at the same time in their 
usual mode of combination. The body of a Turk is 
drawn on one side, and his head on the reverse, and 
by the rotation of the card the head is replaced upon 
his shoulders. The principle of this illusion may 
be extended to many other contrivances. Part of 
a sentence may be written on one side of a card 
and the rest on the reverse. Particular letters may 
be given on one side, and others upon the other, or 
even halves or parts of each letter may be put upon 
each side, or all these contrivances may be combined 
so that the sentiment which they express can be 
understood only when all the scatteored parts are 
united by the. revolution of the card. 

As the revolving card is virtually transparent, so 
that bodies beyond it can be seen throtigh it, the 
power of the illusion might be greatly extended by 
introducing into the picture other figures, either 
animate or inanimate. The setting sun for exam- 
ple, might be introduced into a landscape : Part of 
the flame of a fire might be seen to issue from the 
crater of a volcano, and cattle grazing in a field 
might make part of the revolutionary landscape. 
For such purposes, however, the form of the instru- 
ment would require to be completely changed, and 
the rotation should be eiSected round a standing 
axis by wheels and pinions, and a ^eieexL '^^s&r.^Ssl 
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lh)nt of the revolving plane with open compat 
ments or apertures, through which the prindpil 
figures would apuear. Hud the principle of toil 
instrument been known to the ancients, it wonld 
doubtless have formed a powerful engine of dehi- 
sion in their temples, and might have been mon 
effective than the optical means which they seem 
to have employed for producing the apparitions ai 
their gods. 

In certain diseased conditions of the eye eifecti 
of a very remarkable kind are produced. The fac- 
ulty of seeing objects double is too common to be 
noticed as remarkable ; and though it may tidie placf 
with only one eye, yet as it generally arises from a 
transient inability to direct the axes of both ejM 
to the same point, it excites little notice. Tlnl 
state of the eye, however, in which we lose sigM 
of half of every object at which we look, is mon 
alarming and more likely to be ascribed to the dis- 
appearance of part of the object than to a defect of 
sight. Dr. WoUaston, who experienced this defect 
twice, informs us that, after taking violent exerciss^ 
he " suddenly found that he could see but half of s 
man whom he met, and that, on attempting to read 
the name of JOHNSON over a door, he saw only 
SON, the commencement of the name beiiy 
wholly obliterated from h is vie w . " In this instancsi 
the part of the object which disappeared was towaidi 
his left, but on a second occurrence of the sanw 
affection, the part which disappeared was towaidi 
his right. There are many occasions on wUch 
this defect of the eye might alarm the person whs 
witnessed it for the first time. At certain dis* 
tances from the eye one or two persons would D^ 
cessarily disappear ; and by a slight change of post* 
tion either in the observer or the person obserredf 
ttie person that vanished would reappear, while tbi 
other would disappear in his turn. The circoa- 
Btaacea under whicntbfise «Mdii<&«c«Dfi«^^^;i^i2i>aihik 
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place could not be supposed to occur to an ordi- 
nary observer, even if he should be aware that the 
cause had its origin in himself. When a phenome- 
non so strange is seen by a person in perfect health, 
as it generally is, and who has never had occasion 
to distrust the testimony of his senses, he can 
scarcely refer it to any other cause than a superna- 
tural one. 

Among the affections of the eye which not only 
deceive the person who is subject to them, but those 
also who witness their operation, may be enume- 
rated the insensibility of the eye to particular col- 
ours. This defect is not accompanied with any 
imperfection of vision, or connected with any dis- 
ease either of a local or a general nature, and it has 
hitherto been observed in persons who possess a 
strong and a sharp sight. Mr. Huddart has de- 
scribe the case of one Harris, a shoemaker at Mary- 
port in Comberland, who was subject to this defect 
m a very remarkable degree. He seems to have 
been insensible to every colour, and to have been 
capable of recognising only the two opposite tints of 
Hack and white, " His first suspicions of this de- 
fect arose when he was about four years old. Hav- 
ing by accident found in the street a child's stock- 
ing, he carried it to a neighbouring house to inquire 
for the owner : he observed the people call it a 
red stocking, though he did not understand why 
they gave it that denomination, as he himself 
thought it completely described by being called a 
stocking. The circumstance, however, remained in 
his memory, and v^th other subsequent observa- 
tions, led him to the knowledge of his defect. He 
obserwed also that, when young, other children 
could discern cherries on a tree by some pretended 
difference of colour, though he could only distin- 
^sh them from the leaves by their difference of 
size and shape. He observed also that^ by mftax\a 
of IkiB ^dSerence of colour, tbey co\]^d f^^^ ^^ Ockss^- 
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ries at a greoXer distance than he could, thoug 
could see. other objects at as great adistanc 
they, that is, where the sight was not assiste 
the colour." Harris had two brothers whose 
ception of colours was nearly as defective af 
own. One of these, whom Mr. Huddart exanij 
constantly mistook light green for yellow^ and or 
for grass green. 

Mr. Scott has described in the Philosop] 
Transactions his own defect in perceiving com 
He states that he does not know any ereen ii 
world ; that a pink colour and a pale blue are 
fectly alike ; that he has often thought a fiU 
and ^full ^een a good match : that he is somet; 
baffled in distinguishing difull purple from a deep 
but that he knows light, dark, and middle yel 
and all degrees of blue except sky-blue, " I ma] 
my dau;:fhter to a genteel, worthy man, a few y 
ago ; the day before the marriage he came tc 
house dressed in a new suit of fine cloth clot 
I was much displeased that he should come 
supposed, in black ; and said that he should go 1 
to change his colour. But my daughter said, 
no ; the colour is ve^ genteel, that ft was my i 
that deceived me. He was a gentleman of the 
in a fine rich claret-coloured dress, which is as n 
a black to my eves as any black that ever was di 
Mr. Scott's father, his maternal uncle, one of 
sisters, and her two sons, had all the same im 
feet ion. Dr. Nichol has recorded a case whe 
naval officer purchased a blue uniform coat 
waistcoat with red breeches to match tlie blue, 
Mr. Harvey describes the case of a tailor at '. 
mouth, who on one occasion repaired an articl 
dress with crimson in place or black silk, and 
another patched the elbow of a blue coat wit 
piece of crimson cloth. It deserves to be remai 
that our celebrated countrymen the late Mr. 
gald Stewart, Mr. Dalton, %swi lIVx. 'Yviv^go^wiO 
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a similar difficulty in distinguishing colours. Mt: 
Stewart discovered this defect when one of his 
family was admiring the beauty of the Siberian 
crab-apple, which he could not distinguish from the 
leaves but by its form and size. Mr. Dalton can- 
not distinguish blue from pink, and the solar spec- 
trum consists only of two colours, yellow and blue. 
Mr. Troughton regards red, ruddy pinks, and bril- 
liant oranges as yellows, and ^eens as blues, so that 
he is capable only of appreciating blue and yellow 
colours. 

In all those cases which have been carefully stu- 
died, at least in three of them in which I have had 
the advantage of making personal observations, 
namely, those of Mr. Troughton, Mr. Dalton, and 
Mr. Liston, the eye is capable of seeing the whole 
of the prismatic spectrum, the red space appearing 
to be yellow. If the red space consisted of homo- 
geneous or simple red rays, we should be led to infer 
that the eyes in question were not insensible to red 
light, but were merely incapable of discriminating 
between the impressions of red and yellow Ught. I 
have lately shown, however, that the prismatic spec- 
trum consists of three equal and coincident spectra 
of red, yellow, and blue light, and consequently, that 
much yellow and a small portion of blue light exist 
in the red space ; and hence it follows, that those 
eyes which see only two colours, viz. yeUow and blue, 
in the spectrum, are really insensible to the red 
light of the spectrum, and see only the yellow with 
the small portion of blue with which the red is 
mixed. The faintness of the yellow light which is 
thus seen in the red space, confirms the opinion that 
the retina has not appreciated the influence of the 
simple red rays. 

If one of the two travellers who in the fable of 
the chameleon, are made to quarrel about the colour 
of that singular animal, had happened to possess thi^ 
defect of sight, they would bave eiveo\xxv\.«t^^ "^ 
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isery step of their journey new grounds of 
uon, without the chance of finding an umpiro whi 
could pronounce a satisfactory decision. Under 
certain circumstances, indeed, the arbiter miglit id 
aside the opinions of both the disputants, and rsnte 
it necessary to appeal to some higher authority, 

to beg he 'd tell *ein if be knew 

Wbetber ibe ibing wae red or blu§. 

In the course of writing the preceding obseirations, 
an ocular illusion occurred to myself of so extra* 
ordinary nature, that I am convinced it nerer wu 
seen before, and I think it far from probable thit it 
will ever be seen again. Upon directing my eyes 
to the candles that were standing before me, I WIS 
surprised to observe, apparently among my hair, and 
nearly straight above my head, and far without the 
range of vision, a distinct image of one of the can- 
dles, inclined about 45^ to the tiorizon, as shown at 
A in Fig. 3. The image was as distinct and peifect 

Fig.fi. 
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as if it had been formed by reflection from a piece 
of mirror glass, though of course much less briUiant, 
and the position of the image proved that it must be 
formed by reflection from a perfectly flat and highly 
polished surface. But where such a surface could 
be placed, and how, even if it were fixed, it could 
reflect the image of the candle up through my head, 
were difllculties not a little perplexing. Thinking 
that it might be something lodged in the eyebrow, 
I covered it up from the light, but the image still 
retained its place. I then examined the eyelashes 
with as little success, and was driven to the extreme 
supposition that a crystallization was taking place 
in some part of the aqueous humour of the eye, and 
that the image was formed by the reflection of the 
light of the candle from one of the crystalline faces. 
In this state of uncertainty, and, I may add, of 
anxiety, for this last supposition was by no means 
an agreeable one, I set myself down to examine the 
phenomenon experimentally. I found that the image 
varied its place by the motion of the head and of the 
eyeball, which proved that it was either attached to 
the eyeball or occupied a place where it was aflected 
by that motion. Upon inclining the candle at diflier- 
ent angles the image suffered corresponding varia- 
tions of position. In order to determine the exact 
place of the reflecting substance, I now took an 
opaque circular body and held it between the eye 
and the candle till it eclipsed the mysterious image. 
By bringing the body nearer and nearer the eyeball 
till its shadow became sufficiently distinct to be seen, 
it was easy to determine the locality of the reflector, 
because the shadow of the opaque body must fall 
upon it whenever the image of the candle was 
eclipsed. In this way I ascertained that the reflecting 
body was in the upper eyelash, and I foimd, that, in 
conseouence of bemg disturbed, it had twice changed 
its inclination, so as to represent a vertical candle 
in the horizontal position B, and ^\\.crN^\ *\el *Cq»^ 
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inverted position C. Still, however, I songht foi 
in vain, and even with the aid of a magnifier I coi 
not discover it. At last, however, Mrs. B., who p 
sesses the perfect vision of short-sighted perso 
discovered, after repeated examinations, betwc 
two eyelashes, a minute speck, which, upon bei 
removed with great difficulty, turned out to be 
chip of red wax not above the hundredth part of 
inch in diameter, and having its surface so perfec 
flat and so highly polished that I could see in it 1 
same image of the candle, by placing it extreme 
near the eye. This chip of wax had no doubt : 
ceived its flatness and its polish from the surface 
a seal, and had started into my eye when breiJLJ 
the seal of a letter. 

That tliis reflecting substance was the cause of 1 
image of the candle cannot admit of a doubt; 1 
the wonder still remains how the images which 
formed occupied so mysterious a place as to be se 
without tiie range of vision, and apparently throu 
tlie head. In order to explain this, let m n Fig. 
bo a lateral view of the eye. The chip of wax ^ 
placed at m at the root of the eyelashes, and bei 
nearly in contact with the outer surface of the ci 
nea,the lip^ht of the candle which it reflected pass 
very obliquely through the pupil and fell upon t 
retina somewhere to the left of n, very near whc 
tlie n?tina terminates ; but a ray thus falling obli^ui 
on the retina is seen, in virtue of the law of visil 
dirortion already explained, in a line n C perp< 
dicuhir to the retina at the point near n, where t 
ray fell. Hence the candle was necessarily sc 
throufrh tlie head as it were of the observer, a 
without the ninge of ordinary vision. The comp 
ative brightness of the reflected image ot ill surpnt 
mo ; )iut even this, if the image really was bright 
may be explained by the fact, that it was formed 
R part of the retina, upon which light had never 1 
fore fallenf and wbicn vm^ \^«tetot^ \m vqe^jI^ 
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to be more sensible, than the parts of the membrane 
in constant use, to luminous impressions. 

Independent of its interest as an example of the 
marvellous in vision, the preceding fact maybe con- 
sidered as a proof that the retina retains its power 
to its very termination near the ciliary processes, 
and that the law of visible direction holds true even 
without the range of ordinary vision. It is there- 
fore possible thai a reflecting surface favourably 
placed on the outside of the eye, or that a reflecting 
surface in the inside of the eye, may cause a lumi- 
nous image to fall nearly on tne extreme margin of 
the, retina, the consequence of which would be 
that it would be seen in the back of the head half 
way between a vertical and a horizontal line 
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The preceding account of the diflerent sources 
of illusion to which the eye is subject, is not only 
useful as indicating the probable cause of any indi- 
vidual deception, but it has a special importance in 
preparing the mind for understanding those more 
vivid and permanent spectral illusions to which some 
mdividuals have been either occasionally or habit- 
ually subject. 

In these lesser phenomena we find the retina so 
powerfully influenced by cxteTi«\\m^^^^^\^^!fi^^8>&'^ 
retain the view of visible- objecta \oiva ^«t "Cok^ 
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withdrawn ; we observe it to be so excited bv local 
pressures of which we sometimes know neither the 
nature nor the origin, as to see in total darkness 
moving^ and shapeless masses of coloured light ; and 
we find, as in the case of Sir Isaac Newton and 
others, that the imagination has the power of re- 
viving the impressions of highly luminous objects, 
months and even years after they were first made. 
From such phenomena, the mind feels it to be no 
violent transition to pass to those spectral illusions 
which, in particular states of health, have haunted 
the most intelligent individuals, not only in the broad 
liglit of day, but in tlie very heart of the social circle. 

This curious subject has been so ably and fully 
treated in your Letters on Demonology, that it would 
his presumptuous in me to resume any part of it 
on whiftli you have even touched; but as it forms 
a necessary branch of a Treatise on Natural Magic, 
and as one of the most remarkable cases on record 
has come witliin my own knowledge, I shall make 
no afKjlogy for giving a full account of the different 
spf'ctral appearances which it embraces, and of 
adding the results of a series of observations and 
ex()eriments on whicli I have been long occupied, 
witli the view of throwing some light on this re- 
markable class of phenomena. 

A few years ago I had occasion to spend some 
days under the same roof with the lady to whose 
L'-dse I have above referred. At that time she had 
seen no spectral illusions, and was acquaint^ with 
the subject only from the interesting volume of Dr. 
Ilibhert. In conversing with her about the cause 
of these apparitions, I mentioned, that if slie should 
ever ^ee such a thing, she might distinguish a gen- 
uine ghost existing externally, and seen as an exter- 
nal object, from one created by the mind, by merely 
pressing one eye or straining them both so as to see 
objects double ; for in this case the external object 
or supposed apparition wo\M \tw^i\?\A^ Vm ^ubled^ 
while the impression on the teXVoaLete'dV^XsN ^Ccv^Teoa^ 
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would remain single. This observation recurred to 
her mind when she unfortunately became subject to 
the same illusions ; but she was too well acquainted 
with their nature to require any such evidence of 
their mental origin ; and the state of agitation which 
generally accompanies them seems to have prevented 
her from making the experiment as a matter of 
curiosity. 

1. The first illusion to which Mrs. A. was subject 
was one which affected only the ear. On the 26th 
of December, 1830, about half-past four in the 
afternoon, she was standing near the fire in the 
hall, and on the point of going up stairs to dress, 
when she heard, as she supposed, her husband's voice 

calling her by name, " Come here ! come 

to me !'* She imagined that he was calling at the 
door to have it opened, but upon going thore and 
opening the door she was surprised to find no person 
there. Upon returning to the fire, she again heard 
the same voice calling out very distinctly and loudly, 

" Come, come here!" — She then opened 

two other doors of the same room, and upon seeing 
no person she returned to the fireplace. After a few 
moments she heard the same voice still calling, 

" Come to me, come ! come away !" in a 

loud, plaintive, and somewhat impatient tone. She 
answered as loudly, " Where are you ? I don't know 
where you are ;" still imagining[ that he was some- 
where in search of her: but receiving no answer, she 
shortly went up stairs. On Mr. A.'s return to the 
house, about half an hour afterward, she inquired 
why he called to her so often, and where he was ; 
and she was of course greatly surprised to learn that 
he had not been near the house at the time. A 
similar illusion, which excited no particular notice 
at the time, occurred to Mrs. A. when residing at 
Florence about ten years before, and when she was 
in perfect health. When she was undressing after 
a ball, she heard a Yoice caHlxei ie;^^^\.^^ \s^ 
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name, and she was at that time unable to account 
for it. 

2. The next illusion which occurred to Mrs. A. 
was of a more alarming character. On the SOth 
of December, about four o'clock in the afternoon, 
Mrs. A. came down stairs into the drawing-room, 
which she had quitted only a few minutes before, 
and on entering the room she saw her husband, as 
she supposed, standing with his back to the fire. 
As he had gone out to take a walk about half an 
hour before, she was surprised to see him there, and 
asked him why he had returned so soon. The 
figure looked fixedly at her with a serious and thought- 
ful expression of countenance, but did not speak. 
Supposing that his mind was absorbed in thought, 
she sat down in an arm-chnir near the fire, and 
within two feet at most of the figure, which she 
still saw standing before her. As its eyes, how- 
ever, still continued to be fixed upon her, she said 
after the lapse of a few minutes, "Why donH 

you speak V* The figure immediately moved 

off towards the window at the farther end of the 
room, with its eyes still gazing on her, and it 
passed so very close to her in doing so, that 
she was struck by the circumstance of hearing 
no step nor sound, nor feeling her clothes brush^ 
against, nor even any agitation in the air. Al- 
though she was now convinced that the figure was 
not her husband, yet she never for a moment 8U]>- 
posed that it was any thing supernatural, and was 
soon convinced that it was a spectral illusion. As 
soon as this conviction had established itself in her 
mind slie recollected the experiment which I had 
suggested, of trying to double the object ; but before 
she was able distinctly to do this, the figure had re- 
treated to the window, where it disappeared. Mrs. 
A. immediately followed it, shook trie curtains and 
examined the window, the impression having been 
so distinct and forcible that ik\v<^ ^^& Aasevr^o^ Vi 
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believe that it was not a reality. Finding, however, 
that the figure had no natural means of escape, she 
was convinced that she had seen a spectral apparition 
like those recorded in Dr. Hibbert's work, and she 
consequently felt no alarm or agitation. The ap- 
pearance was seen in bright dayhght, and lasted 
four or five minutes. When the figure stood close to 
her it concealed the real objects behind it, and the 
apparition was fully as vivid as the reality. 

3. On these two occasions Mrs. A. was alone, but 
when the next phantasm appeared her husband was 
present. This took place on the 4th of January, 
1830. About ten o'clock at night, when Mr. and 
Mrs. A. were sitting in the drawing-room, Mr. A. 
took up the poker to stir the fire, and when he was 
in the act of doing this, Mrs. A. exclaimed, " Why 
there's the cat in the room !" — " Where I" asked Mr. 
A. — " There, close to you," she replied. — " Where V 
he repeated. — " Why on the rug to be sure, between 
yourself and the coal-scuttle." Mr. A. , who had still 
the poker in his hand, pushed it in the direction men- 
tioned, — ^*' Take care," cried Mrs. A. " take care, you 
are hitting her with the poker." Mr. A. again asked 
her to point out exactly where she saw the cat. 
She replied, " Why sitting up there close to your 
feet on the rug : She is looking at me. It is Kitty 
—come here Kitty V — ^There were two cats in the 
house, one of which went by this name, and they 
were rarely if ever in the drawing-room. At this 
time Mrs. A. had no idea that the sight of the cat 
was an illusion. When she was asked to touch it, 
she got up for the purpose, and seemed as if she were 
pursuing something which moved away. She fol- 
lowed a few steps, and then said, " It has gone under 
the chair." Mr. A. assured her it was an illusion, 
but she would not believe it. He then hfted up the 
chair, and Mrs. A. saw no<hing more of it. The 
room was then searched all over, and nothing found 
in it. There was a dog lying on \\v^ \v^^tSXN..,^RV^ 
would have betrayed great uuemvi'^^a Si ^ c.^\^^ 



48 LETTERS ON NATURAL MAGIC. 

been in the room, but he lay perfectly quiet. In 
order to be quite certain, Mr. A. rung the bell, and 
sent for the two cats, both of which were found in 
the housekeeper's room. 

4. About a month after this occurrence, Mrs. A., 
who had taken a somewhat fatiguing drive during 
the day, was preparing to go to bed about eleven 
o'clock at night, and, sitting before the dressing- 
glass, was occupied in arranging her hair. She 
was in a listless and drowsy state of mind, but fuHy 
awake. Wlien her fingers were in active motion 
among the papillotes, she was suddenly startled by 
seeing in the mirror the figure of a near relation, 
who was then in Scotland, and in perfect health. 
The apparition appeared over her leu shoulder, and 
its eyes met hers in the glass. It was enveloped 
in grave-clothes, closely pinned, as is usnal with 
corpses, round the head, and under the chin, and 
tliough the eyes were open, the features were solenui 
and rifrid. The dress was evidently a shroud, ai 
Mrs. A. remarked even t}ie punctured pattern usu- 
ally worked in a peculiar manner round the edges 
of that garment. Mrs. A. described herself as at 
the time sensible of a feeling like what we conceive 
of fascination, competing her for a time to gaze on 
this melancholy apparition, which was as distinct 
and vivifl as any reflected reality could be, the light 
of the candles upon the dressing-table appearing to 
shine fully upon its face. After a few minutes, 
she tiirnf'd round to look for the reality of the fonn 
over hcT shoulder ; but it was not visible, and it had 
also disappeared from the glass when she looked 
again in that direction. 

5. In the bctrinning of March, when Mr. A.'hsd 
been about a fortnight from home, Mrs. A. fre- 
fpipiilly heani him moving near her. Nearly every 
niirht as she lay awake tfhe distinctly heard soundf 
like his breathing hanl on the pillow by her side, 
and other sounds such 'd& \vi& mx^YvX va:;^^ while 
turning in bed. 
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6. On another occasion during Mr. A.'s absence, 

while riding with a neighbour Mr. , she heard 

his voice frequently as if she were riding by his 
side. She heard also the tramp of his horse's feet, 
and was almost puzzled by hearing him address her 
at the same time with the person really in com- 
pany. His voice made remarks on the scenery, 
improvements, &c. such as he probably should have 
done had he been present. On this occasion, how- 
ever, there was no visible apparition. 

7. On the 17th March, Mrs. A. was preparing for 
bed. She had dismissed her maid, and was sit- 
ting with her feet in hot water. Having an ex- 
cellent memory, she had been thinking upon and 
repeating to herself a striking passage in the Edin- 
burgh Review, when, on raising her eyes, she saw 
seated in a large easy-chair before her the figure of 
a deceased friend, the sister of Mr. A. Tlie figure 
was dressed, as had been usual with her, with great 
neatness, bat in a gown of a peculiar kind, such as 
Mrs. A. had never seen her wear, but exactly such 
as had been described to her by a common friend 
as having been worn by Mr. A.'s sister during her 
last visit to England. Mrs. A. paid particular at- 
tention to the dress, air, and appearance of the fig- 
ure, which sat in an easy attitude in the chair, 
holding a handkerchief in one hand. Mrs. A. tried 
to speak to it, but experienced a difficulty in doing 
so, and in about three minutes the figure disap- 
peared. About a minute afterward, Mr. A. came 
into the room, and found Mrs. A. shghtly nervous, 
but fully aware of the delusive nature of the appa- 
rition. She described it as having all the vivid 
colouring and apparent reality of life ; and for some 
hours preceding this and other visions, she expe- 
rienced . a peculiar sensation in her eyes, which 
seemed to be reUeved when the vision had ceased. 

8. On the 6th October, between one and two 
o'clock in the morning, Mr. A. -w^a ^-wcJ^^Xs^'^^x^ 

E 
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A., who told him that she had>just seen the figv 
of his deceased mother draw aside the bed curtail 
and appear between them. The dress and the loc 
of the apparition were precisely those in which M 
A.^s mother had been last seen by Mrs. A. at Pai 
in 1824. 

9. On the 11th October, when sitting in tl 
drawing-room, on one side of the fireplace, si 
saw the figure of another deceased friend movii 
towards her from the window at the farther ei 
of the room. It approached the fireplace, ai 
sat down in the chair opposite. As there wei 
several persons in the room at the time, she d 
scribes the idea uppermost in her mind to have bee 
a fear lest they should be alarmed at her staiii^ 
in the way she was conscious of doing, at vacane 
and should fancy her intellect disor&red. Undi 
the influence of this fear, and recollecting a stoi 
of a similar effect in your work on Demonolog; 
which she had lately read, she summoned up tt 
reauisite resolution to enable her to cross the spac 
before the fireplace, and seat herself in the san 
chair with the figure. The apparition remainc 
perfectly distinct till she sat down, as it were, in i1 
lap, when it vanished. 

10. On the 26th of the same month, about tw 
P. M. Mrs. A. was sitting in a chair by the windo" 
in the same room with her husband. He heard hi 
exclaim, '* What have I seen !" And on looking \ 
her, he observed a strange expression in her ey< 
and countenance. A carriage and foiur had appearc 
to her to be diving up the entrance road to th 
house. As it approached, she felt inclined to g 
up stairs to prep^ to receive company, but, as : 
spell-bound, she was unable to move or speak. Tli 
carriage approached, and as it arrived within a fr 
yards of the window, she saw the figures of it 
postiEioDs and the persons inside take the gbastl 
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The whole then vanished entirely, when she uttered 
the above-mentioned exclamation. ' 

11. On the morning of the 30th October, when 
Mrs. A. was sitting in her own room with a favourite 
dog in her lap, she distinctly saw the same dog mov- 
ing about the room during the space of about a min- 
ute or rather more. 

12. On the 3d December, about nine P. M. when 
Mr. and Mrs. A. were sitting near each other in the 
drawing-room occupied in reading, Mr. A. felt a 
pressure on his foot. On looking up, he observed 
Mrs. A.^s eyes fixed with a strong and unnatural 
stare on a chair about nine or ten feet distant. 
Upon asking her what she saw, the expression of 
her countenance changed, and upon recovering her- 
self, she told Mr. A. that she had seen his brother, 
who was alivB and well at the moment in London, 
seated m the opfN>8ite chair, but dressed in grave- 
clothes, and witn a ghastly countenance, as if scarcely 
alive. 

Such is a brief account of the various spectral 
illusions observed by Mrs. A. — In describing them I 
haVe used the very words employed by her husband 
in his communications to me on the subject ;* and 
the reader may be assured that the descriptions are 
neither heightened by fancy, nor amplified by in- 
vention. The high character and intelligence of 
the lady, and the station of her husband in society, 
and as a man of learning and science, would authen- 
ticate the most marvellous narrative, and satisfy the 
most scrupulous mind, that the case has been philo- 
sophically as well as faithfully described. In nar- 
rating events which we regard as of a supernatural 
character, the mind has a strong tendency to give 
more prominence to what appears to itself the most 
wonderful ; but from the very same cause, when we 

*Sdinburgh Jovmat of Seienet. New Serlet, No. it« v ^V%x*)C^\ 
Wo. Ti. p. 3H and No. m, p. 261. 
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describe extraordinary and ineirolicable pbenomeit 
which we believe to be the result of natural cansei 
the mind is prone to strip them of their most nun 
vellous points, and bring them down to the level o 
ordinary events. From the very conunenceroea 
of the spectral illusions seen by Mrs. A., both sh 
and her husband were well aware of their natnr 
and origin, and both of them paid the most minut 
attention to the circumstances which accompanie 
them, not only with the view of throwing ligt 
upon so curious a subject, but for the purpose of at 
certaining their connexion with the state of healt 
under wluch they appeared. 

As the spectres seen by Nicolai and others ha 
their origin in bodily indisposition, it becomes ii 
teresting to learn the state of Mrs. A.'s health whe 
she was under the influence of these illusions. Di 
ring the six weeks within which the three fin 
illusions took place, she had been considerably n 
duced and weakened by a troublesome cough, an 
the weakness which this occasioned was increase 
by her being prevented from taking a daily tonic 
Her general health had not been strong, and Ion 
experience has put it beyond a doubt, that her in 
disposition arises from a disordered state of the dJ 
gestive organs. Mrs. A. has naturally a morbidi; 
sensitive imagination, which so painfully affects he 
corporeal impressions, that the account of any pei 
son having suffered severe pain by accident o 
otherwise occasionally produces acute twinges o 
pain in the corresponding parts of her person. Th 
account, for example, of the amputation of an an 
will produce an instantaneous and severe sense o 
pain in her own arm. She is subject to talk in he 
sleep with great fluency, to repeat long passage 
of poetry, particularly when she is unwell, an 
even to cap verses for half an hour together, neve 
failing" to quote lines beginning with the final lette 
of the precedXig one tiU Yiei memoT^ N& ^^^NKsas^Kd 
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Although it is not probable that we shall ever be 
able to understand the actual manner in which a 
person of sound mind beholds spectral apparitions 
in the broad light of day, yet we may arrive at such 
a degree of knowledge on the subject as to satisfy 
rational curiosity, and to strip the phenomena of 
every attribute of the marvellous. Even the vision 
of natural objects presents to us insurmountable 
difficulties, if we seek to understand the precise part 
which the mind performs in perceiving them ; but 
the philosopher considers that he has given a satis- 
factory explanation of vision when he demonstrates 
that distinct pictures of external objects are painted 
on the retina, and that this membrane communicates 
with the brain by means of nerves of the same sub- 
stance as itself, and of which it is merely an expan- 
sion. Here we reach the gulf which human intelli- 
gence cannot pass ; and if the presumptuous mind of 
man shall dare to extend its speculations further, it 
will do it only to evince its incapacity and mortify 
its pride. 

In his admirable work on this subject, Dr. Hib- 
bert has shown that spectral apparitions are nothing 
more than ideas or the recollected images of the 
mind, which in certain states of bodily inmsposition 
have been rendered more vivid than actuaJ impres- 
sions ; or to use other words, that the pictures in the 
" mind's eye" are more vivid than the pictures in 
the body's eye. This principle has been placed by 
Dr. HiW)ert beyond the reach of doubt ; but I pro- 
pose to go much further, and to show that the 
" mind's eye" is actually the body's eye, and that 
the retina is the common tablet on which both 
classes of impressions are painted, and by means of 
which they receive their visual existence according 
to the same optical laws. Nor is this true merely 
in the case of spectral illusions : it holds good of aU 
ideas recalled by the memory or created by the 
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imagination, and mar be regarded as a fundamental 
law in the science of pneumatoiogy. 

It would be out of place in a work like this to 
adduce the experimental evidence on which it rests, 
or even to explain the manner in which the expe- 
riments themselves must be conducted ; but I may 
state in general, that the spectres conjured up l^ 
the memory or the fancy have always a " local 
habitation," and that they appear in front of the cje, 
and partake in its movements exactly like the im- 
pressions of luminous objects after the objects them 
selves are withdrawn. 

In the healthy state of the mind and body, the re- 
lative intensity of these two classes of impressions 
on the retina are nicely adjusted. The mental pic- 
turrs are transient and comparatively feeble, and in 
ordinary temperaments are never capable of disturb- 
ing or effacing the direct images of visible objects. 
The affairs of life could not be carried on if the 
memory were to intrude bright representations of 
the past into the domestic scene, or scatter them 
over the external landscape. The two opposite im- 
pressions, indeed, could not co-exist : the same ner- 
vous fil)re which is carrying from the brain to the 
retina the figures of memory, could not at the same 
instant be carrying back the impressions of external 
objects from the retina to the brain. The mind can- 
not perform two different functions at the same in- 
stant, and the direction of its attention to one of 
tlie two classes of impressions necessarily produces 
the extinction of the other : but so rapid is the ex- 
ercise of mental power that the alternate appear- 
ance and disappearance of the two contending im- 
pressions is no more recognised than the successive 
obscTvations of external objects during the twinkling 
of tlie eyelids. If we look, for example, at the 
facade of St. Paulas, and, without changing our 
position, call to the mind the celebrated view of 
3loDt Blanc from ljyons,ttie pYcXxa^olX^CL^c^sOokSs^c^ 
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though actually impressed upon the retina, is mo- 
mentarily lost sight of by the mind, exactly like an 
object seen by indirect vision ; and during the in- 
stant the recollected image of the mountain, tower- 
ing over the subjacent range, is distinctly seen, but 
in a tone of subdued colouring and indistinct outline. 
When the purpose of its recall is answered, it quickly 
disappears, and the picture of the cathedral again 
resumes the ascendency. 

In darkness and solitude, when external objects 
no longer interfere with the pictures of thQ mind, 
they become more vivid and distinct ; and in the 
state between waking and sleeping, the intensity of 
the impressions approaches to that of visible ob- 
jects. With persons of istudious habits, who are 
much occupied with the operations of their own 
minds, the mental pictures are much more distinct 
than in ordinary persons ; and in the mi^t of ab- 
stract thought, external objects even cease to ms^e 
any impression on the retina. A philosopher ab- 
sorbed in his contemplations expenences a tempo- 
rary privation of the use of his senses. His chil- 
dren or his servants will enter the room directly 
before his eyes without being seen. They will 
speak to him without being heard ; and they will 
even try to rouse him from his revery without be- 
ing felt ; although his eyes, his ears, and his nerves, 
actually receive the impressions of light, sound, and 
touch. In such cases, however, the philosopher is 
voluntarily pursuing a train of thought on which his 
mind is deeply interested ; but even ordinary men, 
not much addicted to speculations of any kmd, of- 
ten perceive in their mind^s eye the pictures of de- 
ceased or absent friends, or even ludicrous creations 
of fancy, which have no connexion whatever with 
the train of their thoughts. Like spectral appari- 
tions they are entirely voluntary, and though they 
may have sprung from a regtilar series of associa* 
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tions, yet it is frequently impossible to discorer t 
single link in the chain. 

If it be true, then, that the pictures of the mind 
and spectral illusions are equall3r impressions upon 
the retina, the latter will differ in no respect from 
the former, but in the degree of vividness with 
which they are seen ; and those frightful apparitions 
become nothing more than our ordinary ideas, ren- 
dered more brilliant by some accidental and tem- 
porary derangement of the vital functions. Their 
very vividness too, which is their only character- 
istic, is capable of explanation. I have already 
shown that the retina is rendered more sensible to 
light by voluntary local pressure, as well as by the 
involuntary pressure of the blood-vessels behind it ; 
and if, by looking at the sim, we impress upon the 
retina a coloured image of that lummary, which is 
seen even when tfee eye is shut, we may by pres- 
sure alter the colour of that image, in consequence 
of having increased the sensibility of that part of 
the retina on which it is impressed. Hence we 
may readily understand how the vividness of the 
mental pictures must be increased by analogous 
causes. 

In the case both of Nicolai and Mrs. A. the im- 
mediate cause of the spectres was a deranged action 
of the stomach. When such a derangement is in- 
duced by poison, or by substances which act as poi- 
sons, the retina is peculiarly affected, and the phe- 
nomena of vision singularly changed. Dr. Patouillet 
has described the case of a family of nine persons 
who were all driven mad by eating the root of the 
Hyoscyamus niger or black henbane. One of them 
leapedf into a pond. Another exclaimed that his 
neighbour would lose a cow in a month, and a third 
vociferated that the crown piece of sixty pence 
would in a short time rise to five livres. On the 
following day they had all recovered their senses, but 
recollected nothing of w\iaX Y^Yisi^^xa^ Otk^SsA 
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same day tbey all saw objects double, and, wbat is 
still more remarkable, on the third day every object 
appeared to them as red as scarlet. Now this red 
light was probably nothing more than the red phos- 
phorescence produced by the pressure of the blood- 
vessels on the retina, and ansdogous to the masses 
of Uue^ greeih yellow, and red light, which have been- 
already mentioned as produced by a similar pressure 
in headaches, arising from a disordered state of the 
digestive organs. 

Were we to analyze the various phenomena of 
spectral illusions, we should discover many circum- 
Btances favourable to these views. In those seen 
by Nicolai, the individual figures were always 
somewhat paler than natural objects. Tliey some- 
times grew more and more indistinct, and became 
perfectly white ; and, to use Ws own words, " he 
could always distinguish with JJie greatest preci- 
sion phantasms from phenomefflL" Nicolai some- 
times saw the spectres when his eyes were shut, 
and sometimes they were thus made to disappear, — 
effects perfectly identical with those which arise 
from the impressions of very luminous objects. 
Sometimes the figures vanished entirely, and at 
other times only pieces of them disappeared, ex- 
actly conformable to what takes place with objects 
seen by indirect vision, which most of those figures 
must necessarily have been. 

Among the peculiarities of spectral illusions there 
is one which merits particular attention ; namely, 
that they seem to cover or conceal objects imme- 
diately beyond them. It is this circumstance more 
than any other which gives them the character of 
reality, and at first sight it seems difficult of ex- 
planation. The distinctness of any impression on 
the retina is entirely independent of the accommo- 
dation of the eye to the distinct vision of external 
objects. When the eye is at rest, and is not ac- 
commodated to objects at any ^^t^^xi^sx ^^\»sns:.<^ 
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it is in a state for seeing distant objects most pas- 
fectly. When a distinct spectral impression, there- 
fore, is before it, all other objects in its Ticinitf 
vfill be seen indistinctly, for while the eye is en* 
grossed with the vision, it is not likely to accom- 
modate itself to any other object in the same di- 
rection. It is quite common, too, for the eye to 
see only one of two objects actually presented to 
it. A sportsman who has been in the practice of 
shooting with both his eyes open, actually sees t 
double image of the muzile of his fowling-piece, 
though it is only with one of these images that he 
covers his game, having no perception whatever 
of the other. But there is still another principle 
upon which only one of two objects may be seen 
at a time. If we look very steadily and contiiiiH 
ously at a double pattern, such as those on a carpet 
composed of two single patterns of different colours, 
suppose red and yellow, — and if we direct the mind 
particularly to the contemplation of the red one, 
the green pattern will sometimes vanish entirely, 
leaving the red one alone visible, and by the same 
process the red one may be made to disappear. 
In this case, however, the two patterns, lite the 
two images, may be seen together ; but if the very 
same portion of the retina is excited by the direct 
rays of an external object, when it is excited by a 
mental impression, it can no more see them both 
at the same time than a vibrating string can give 
out two different fundamental sounds. It is quite 
possible, however, that the brightest parts of a 
spectral figure may be distinctly seen alonff with 
the brightest parts of an object immediately behind 
it, but then the bright parts of each object will fall 
upon different parts of the retina. 

Tliese views are illustrated by a case mentioned 
by Dr. Abercrombie. A gentleman, who was a 
patient of his, of an irritable habit, and liable to a 
wariety of uneasy 8enaaUon& Vn Yi\« Yift^^w^ vLV 
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ting alone in his dining-room in the twilight, when 
the door of the room was a little open. He paw 
distinctly a female figure enter, wrapped in a man- 
tle, with the face concealed by a large black bon- 
net. She seemed to advance a few steps towards 
him, and then Stop. He had a full conviction that 
the figure was an illusion of vision, and he amused 
himself for some time by watching it ; at the same 
time observing that he could see through the figure 
so as to perceive the lock of the door, and other 
objects behind it.* • 

If these views be correct the phenomena of spectral 
apparitions are stripped of all their terror, whether 
we view them in their supernatural character, or 
as indications of bodily mdisposition. Nicolai, 
even, in whose case they were accompanied with 
alarming symptoms, derived pleasure from the con- 
templation of them, and he not only recovered from 
the complaint in which they originated, but sur- 
vived them for many years. — ^Mrs. A., too, who 
sees them only at distant intervals, and with whom 
they have but a fleeting existence, will, we trusty 
soon lose her exclusive privilege, when the slight 
indisposition which gives them birth has subsided 

* ** InqairiM concerning the Intellectual Powera, ond the InTestiga 
Hod of Truth.* [Na xxxTiiFaaiily Library.l 
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LETTER IV. 

Science need u an Inctrument of Imposture — Xhe€pt\oint wiih pinf 
and ronoiTe Mirrors practUMd by the Ancienta — ^The Maginiin*B Min 
mr— Rffecta of concaTe Mirrora — ACrlal Iinaffea— Imayeii on ffnokd— 
Cunibination of Mirrom for producing Pictures fkvin living Objaet»' 
The mysterious Daeger— Ancient Miracles with concave Mirrora— 
Modern Necmmaney with them, aa seen by Cellmi^Desrrlpcion an! 
Effects of the Mafic I^antem— Improvrmenia upon ll->PbantBaii» 
jtiiric Kxhibitioiisof Philipeial and oihora— Dr. Yonngl Arranfnniefll 
of Lenses, dec, fbr the Phantasmagoria— Improvrnienta angirealrd— 
Csuriiopcrical Phantasmagoiia fbr prodnring the Piuturea fttHn living 
Oh}ects— Method oT cutting off* Pans of the Figures— Kircher^ injals> 
nous Ilsiidwritliig on the Wall— His hollow cylindrical Mirror fai 
Mfinnl Iirtages — Cylindrical Mirror for reforming distorted Piclurea— 
Mirrors of variable Curvature for producing Caricaiurea. 

In the preceding observations man appears as the 
victim of his own dehisions — :i8 the ma^cian un* 
able to exorcise the spirits which he has himself 
called into being. We sliall now sec him the dupe 
of preconcerted imposture — ^the slave of his own 
ijy^orance — the prostrate vassal of power and su- 
perstition. I have already stated that the nion- 
archs and priests of ancient times carried on a sys- 
tematic plan of imposing upon tlieir subjects, — i 
mode of government which was in perfect accord- 
ance with their religious Mief : but it will scarcely 
be believed that the same delusions were practised 
after the establishment of Christianity, and that 
even the Catholic sanctuary was often the seat of 
these unhallowed machinations. Nor wa.s it merely 
the low and cuiming priest wlio thus sought to ex- 
tort money and respect from the most ignorant of 
his flock : bishops and pontiffs themselves wielded 
the magician's wand over the diadems of kings and 
rmiHTors ; and, by the pretended exhibition of s»- 
jieniatural powfr, made the mightiest potentates 
of Kurope tremble upon their thrones. It was the 
li^ht 01 science a.\one wV\\c\\ ^\H^\Ve^^ \Vv\% roonl 
Mad intellectual darkuesb, viuji vX '\:& ^vlNXx^X^jVol tn&r 
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sequence of its wide difTusion that we live m times 
when sovereigns seek to reign only through the 
affections of their people, and when the minister 
of religion asks no other reverence but that which 
is inspired by the sanctity of his office and the 
purity of his character. 

It was fortunate for the human race that the 
scanty knowledge of former ages afforded so few 
elements of deception. What a tremendous engine 
would have been worked against our species by 
the varied and powerful machinery of modem sci- 
ence! Man would still have worn the shackles 
which it forged, and his noble spirit would still 
have groaned beneath its fatal pressure. 

There can be little doubt that the most common 
as well as the most successful impositions of the 
ancients were of an optical nature, and were prac- 
tised by means of plane and concave mirrors. It 
has been clearly shown by various writers that the 
ancients made use of mirrors of steel, silver, and 
a composition of copper and tin, like those now 
used for reflecting specula. It is also very proba- 
ble, from a passage in Pliny, that glass mirrors 
were made at Sidon ; but it is evident that, unless 
the object presented to them was illuminated in a 
very high degree, the images which they formed 
must have been very faint and unsatisfactory. The 
silver mirrors, therefore, which were umversaUy 
used, and which are superior to those made of any 
other metal, are likely to have been most generally 
employed by the ancient magicians. They were 
made to give multiplied and inverted images of ob- 
jects ; that is, they were plane, polygonal or many- 
sided, and concave. There is one property, how- 
ever, mentioned by Aulus Gellius, which has given 
unnecessary perplexity to commentators. He states 
that there were specula which, when put in a par- 
ticular place, gave no images of objects, but vrtv<iw 
carried to another place recoveiei \\v^\t ^to^^'ixN.'^ 

F 
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of reflection.* M. Salverte is of opinion that ia 
quoting Varro, Aulus Gellius was not sufficient]/ 
acquainted with the subject, and erred in supposing 
that the phenomenon depended on the place instead 
of the position of the mirror ; but this criticism is 
obviously made with the view of supporting u 
opinion of his own, that the property in question 
may be analogous to the phenomenon of polarised 
light, which at a certain angle refuses to suffer re- 
flexion from particular bodies. If this idea has 
any foundation, the mirror must have been of glass, 
or some other body not metallic; or, to speak 
more correctly, there must have been two such 
mirrors, so nicely adjusted, not only to one another, 
but to the light incident updn each, that the effect 
could not possibly be produced but by a philosopher 
thoroughly acquainted with the modem discovery 
of the polarisation of light by reflexion. Without 
seeking for so profound an explanation of the phe- 
nomenon, we may readily understand how a silver 
mirror may instantly lose its reflecting power in a 
dsunp atmosphere, in consequence of the precipita- 
tion of moisture upon its surface, and may imme- 
diately recover it when transported into drier air. 
One of the simplest instruments of optical decep* 
tion is the plane mirror, and when two are com- 
bined for this purpose it has been called the magi- 
cian*s mirror. An observer in front of a plane 
mirror sees a distinct image of himself; but if two 
persons take up a mirror, and if the one person is 
as much to one side of a line perpendicular to the 
middle of it as the other is to the other side, they 
will see each other, but not themselves. If we now 
suppose MC, CI), NO, CD to be the partitions of 
two adjacent apartments, let square openings be 
niaf^ in the partitions at A and B, about five feel 
above the floor, and let them be filled with plate 

* **Ui tpeeulum in loco ccrto posifum nihil imacin«( , ■fioriM* 
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glass, and sarrounded with a pictare-frame, so as to 
nave the appearance of two mirrors. Place two 
mirrors E, F, one behind each opening at A and B, 

Fig.Z. 





inclined 45° to the partition MN, and so large that a 
person looking into the plates of glaan at A and B 
will not see their edges. When Sua is done, it is 
obvious that a person looking into the mirror A #01 
not see himself, but will see any person or figwe 
placed at B. If he beheves that he is looking into 
a common mirror at A, his astonishment will be great 
at seeing himself transformed into another person,- 
or into any Uving animal that may be placed at B. 
The success of this deception would be greatly in- 
creased if a plane mirror suspended by a pally could 
be brought inunediately behind the plane glass at A, 
and drawn up from it at {deasure. The spectator 
at A, having previously seen himself in this move- 
able mirror, would be still more astonished when he 
afterward perceived in the same place a face dif- 
ferent from his own. By drawing the moveaUe 
mirror half up, the spectator at A naight see hail ^1 
his own face joined to half of the fac^ ^^^:&c«^^^\ 
hat in the present day the most i9MMcaE^> ^^«;t«m& 'sx^ 
80 familiar with the properties «C ^ V>cftuaQ%^6^ 



tI :e -.rui.ji'^i jf ::■* :tTrsi it r .^ *cl-«:ithi£ k 
<-- Lv: «.r "TivL.-::* '-It -. t:: J _:. '.:i* iir^»:r:!ni 
'"- ■ ■ ••* 2l_t: : 7 '.•-.-vr-T t: -s: ri* Tuii:-iti: v 

jr-L! ".-■. .-_ -■ :i:sfL:'.-r ti-t iirrs.c l: .- "WTi^i lu -inr 
Zj-.i." '.'.■'. v.irry.i. IN ii-Its^ "i-* z:_rr:-r F ■wis. ^a- 

- ■:::ij: LjtI- i-i'i "ivt rf>: :; lie izie^mois 1 

\' ..._£ i:- :•:?.• .':lt . :•.: -a'-'T-Tr: T':^cizTL»:in» aw 

. ..n . i • T -^_. - - - -? • _*t >-j.i.'.r -.^3s«i. ^.«jril 

. , -^VT- '. -s^ s ;-.sJ:'_it:. izii „!>" ilviir? T^rijcii a 
prjxzy:.. z-ur. :i ill :;r.::il :■>=:: Lii::-."»r:Sw borto 
i> t^'-.J'r: z^.rl^:'. rTrTT ::i:iTe r.-:rrc»r «^i«U 
Lit* .•!• virfi.:* cll:c:.^il >: Vii.: i: ir-v iSSmt » 






19 1 't^w^iiMr r.xti'LT i-izei. 2-7*^^5 «:<r* 

lb* s..'. Mr :1s: :: :iT zurr-rr i^i :he i>b;eoT u* lii 
fjz::^ LJt v.r-s-- Th*- r5cc: m'^: i;?ear :o luia sIsMrt 
*->t.-.v«:-.rcl. 

Ti* L'*r::L>f ::' exhfnrln^ :he fffeo: of «N>nc«vt 
rcln^jTi .I'^-i* «iT5j:*^ec':2sly is shown ia Fi^. -i. 
»:.*.'% CD !=> :i.* p^irtr.icrn of a room hariiyr ui it a 
v>:if^ c>t— :iZ EF. :he ce3:re of whiv^h is ahMt 
fiv<r fr:^:"i.V-fve :i:t i»r. This opening mi^rht bt 
v-.'7>..vi^- '«-:! a piirj-e-frrjue. an»i a piintinf 
V :.:<:':. *:XAr.*ly Ll>i i: -'niri: be so cor.neoicsd with • 
p-'.'iy th.'^: ;: ccr-^i be eitr.er slipped aside, or raiW 
^o iji Vj ieavfe the irajne em^iv. xVsr^ c<»ic««ft 
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mirror HN is then placed in another apartment, so 
that when any object is placed at A, a distinct imaKo 
of it may be formed in the centre of the opening EF. 

Fig-*- 




Let ua suppose this object to be a plaster cast of 
V17 object made as wliite as possible, and placed 



rays of which are prevented from reaching 
opening EF. When this is done, a spectator pacea 
at will see an erect image of the statue at Jl the 
centre of the opening — standing in the air, and dif- 
fering from the real statue only in being a little 
larger, while the apparition will be wholly invisible 
to other spectators placed at a little distance on each 
side of him. 

If the opening EF is filled wiUi smoke rising 
either from a ch8fing-dish,in which incense is burnt, 
or made to issue in clouds from some openinK be- 
low, the image will appear in the middle of the 
smoke depicted upon it as upon a ground, and capa- 
ble of bemg seen by those Spectators who could 
not see the imago in the air. The ra^s of U^Ut, in. 
idace of proceMing without oV»tr\ic\i(m. \o vifi,«^'i 
FS 
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at 0, are reflected, as it were, from those minute 
particles of which the smoke is composed, in the 
same manner as a beam of light is rendered more 
visible by passing through an apartment filled with 
Inst c r smoke. 

It has long been a favourite experiment to place 
at A a wtiile and strongly illuminated human scuU, 
and to exhibit an image of it amid the smoke of a 
chafing-dish at B ; but a more terrific effect would 
be produced if a small skeleton, suspended by in- 
visible wires, were placed as an object at A. Its 
image suspended in the air at I), or painted upon 
smoke, could not fail to astonish the spectator. 

The diflicuUy of placing a living T)erson in an 
inverted ))osition, as an ol)ject at A, mis no doubt 
prevented llie optical conjuror from availing him- 
self of so admirable a resource ; but this difficulty 
may be removed I)y employing a second concave 
mirror. This .sfcond nnrror must be so placed as 
to rortiH-l towards MX tlM*. rays proceeding from an 
eroct living ol)j<r(t, and to form an inverted image 
of this objj'cl at A. An crvci image of this inverted 
image will then \ui formed at 1), eitiier susp<Mided 
in the siir or depicted upon a wreath of smoke. This 
lerial ima/e will cixhibit tlit^ jireeise form and col- 
>urs and tm venients of the living object, and it will 
na in tain it. ' ..-iracter as an apparition if any attempt 
is made liy . i s[>ectator to gra.sp its unsubstantial 
falfhe. 

A deception of an alarming kind, called the myi- 

feriouit f/fiir^f-r, has Iwc^n long a favourite exhibition. 

If a fK:rson with a drawn and highly ))olished dagger, 

'Ihnninated by a strong light, stands a little farther 

roni a concave mirror than its principal focus, he 

.ill perceive in the air between himself and the 

inirror, an invertc-d and diminished image of his 

own jM-rson with the dagger similarly brandished: 

if hit aims the dagg<',r at lUe c<Mitre of tlie mirror*8 

concaviiy, the two daggCTH wW\ mii«X v^vdX\» \^«b1« 
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and, by pushing it still farther from him towards 
the mirror, the imaging^ dagger will strike at his 
heart. In this case it is necessary that the direc- 
tion of the real dagger coincides with a diameter 
of the sphere of which the mirror is a part ; but if 
its direction is on one side of that diameter, the 
direction of the imaginary dagger will be as far on 
the other side of the diameter, and the latter will 
aim a blow at any person who is placed in the 
proper position for receiving it. If the person who 
bears the real dag^r is therefore placed behind a 
screen, or otherwise concealed from the view of 
the spectator who is made to approach to the place 
of the image, the thrust of the polished steel at his 
breast will not fail to produce a powerful impres- 
sion. The effect of this experiment would no 
doubt be increased by covering with black cloth the 
person who holds the dagger, so that the image of 
his hand only should be seen, as the inverted pic- 
ture of him would take away from the reality of 
the appearance. By using two mirrors, indeed, this 
defect might be remedied, and the spectator would 
witness an exact image of the assassin aiming the 
dagger at his life. 

The common way of making this experiment is 
to place a basket of fruit above the dagger, so that 
a distinct aerial image of the fruit is formed in the 
focus of the mirror. The spectator, having been 
desired to take some fruit from the basket, ap- 
proaches for that purpose, while a person properly 
concealed withdraws the real basket of fruit with 
one hand, and with the other advances the dagger, 
the image of which, being no longer covered by 
the fruit, strikes at the body of the astonished spec- 
tator. 

The powers of the concave mirror have been like- 
wise displayed in exhibiting the apparition of an ab- 
sent or deceased friend. For this purpose a strongly 
illuminated bust or picture of the pet%oiv \% ^^^k.^ 
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before the concave mirror, and a distinct image of 
the picture will be seen either in the air or amoni 
smoke in the manner already described. If thfl 
background of the picture is temporarUy corered 
with lamp-black, so that there is no light about the 
picture but what falls upon the figure, 9ie effect win 
DO more complete. 

As in all experiments with concave mirroTB, the 
size of the aerial image is to that of the real object 
as their distance from the mirror, we may, bj vary- 
ing the distance of the object, increase or diminish 
the size of the image. In doing this, however, the 
distance of the image from the mirror is at the saiM 
time changed, so that it would quit the place m(Mt 
suitable for its exhibition. HThis defect may be re- 
moved by simultaneously changing the place both 
of the mirror and the object, so that the image voMf 
remain stationary, expanding itself from a Imninooi 
spot to a gigantic size, and attain passing through ell 
intermediate magnitudes, till it vanishes in a cloud 
of liglit. 

Those who have studied the effects of concave 
mirrors of a small size, and without the precautione 
necessary to ensure deception, cannot form any idea 
of the magical effect produced by this class of op- 
tical apparitions. When the instruments of illusioa 
are themselves concealed, — ^when all extraneous 
lights but those which illuminate the real object are 
excluded, — when the mirrors are large and well 
polislied and truly formed, — the effect of the repre- 
sentation on ignorant minds is altogether overpower- 
ing, while even those who know the deception, ani 
perfectly understand its principles, are not a little 
Kurprise'd at its effects. The inferiority in the effects 
of a common concave mirror to that of a well ar- 
ranged exhibition is greater even than that of a 
perspective picture hanging in an apartment, to the 
eame picture exhibited under all the imposing ae- 
co/npanimcnts of a dioramc t«v'^«A«ci\aX\QiCL 
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It can scarcely be doubted, that a concave mirror 
was the principal instrument by which the heathen 
ffods were made to appear in the ancient temples. 
In the imperfect accounts which have reached us 
of these apparitions, we can trace all the elements 
of an optical illusion. In the ancient temple of 
Hercules at T)rre, Pliny mentions that there was a 
seat made of a consecrated stone, " from which the 
gods easily rose." Esculapius often exhibited him- 
self to his worshippers in his temple at Tarsus; 
and the temple of Enguiilum in Sicily was celebrated 
as the place where me goddesses exhibited them- 
selves to mortals. Jamblichus actually informs us, 
that the ancient magicians caused the gods to appear 
among the vapours disengaged from fire ; and when 
the conjurer Maximus terrified his audience by 
making the statue of Hecate laugh, while in the 
middle of the smoke of burning incense, he was 
obviously dealing with the image of a living object 
dressed m the costume of the sorceress. 

The character of these exhibitions in the ancient 
temples is so admirably depicted in the following 
passage of Damascius, quoted by M. Salverte, that 
we recognise all the optical effects which have been 
already described. " In a manifestation,'' says he, 
"which ought not to be revealed there ap- 
peared on the wall of the temple a mass of light 
which at first seemed to be very remote ; it trans- 
formed itself, in coming nearer, into a face evi- 
dentl}^ divine and supernatural, of a severe aspect, 
but mixed with gentleness, and extremely beautiful. 
According to the institutions of a mysterious re- 
ligion the Alexandrians honoured it as Osiris and 
Adonis." 

Among more modem examples of this illusion, 
we may mention the case of the Emperor Basil of 
Macedonia. Inconsolable at the loss of his son, 
this sovereign had recourse to the prayers of the 
pontiff Theodore Santabaren, w\vo vi^ ^«\^\^^^ 



70 LETTERS PN NATURAL MAGIC. 

for. his power of working miracles. The ecclesfan* 
ticad conjurer exhibited to him the image of his bt- 
loved son magnificently dressed and mounted xifum 
a superb charter: the youth rushed towards Ui 
father, threw hmiself into his arms, and disappeand. 
M. Salverto judiciously observes, that this deceptioa 
could not have been performed by a real penoi, 
who imitated the figure of the young prince. His 
existence of this person, betrayed by so remaikaUe 
a resemblance, and by the trick of the eidiibitios, 
could not fail to have been discovered and denomiced, 
even if we could explain how the son coiUd be m 
instantaneously disentangled from his father*s em- 
brace. The emperor, in short, saw the aerial imagt 
of a picture of his son on horseback, and astba 
picture was brought nearer the mirror, the imagi 
advanced into his arms, when it of course elocM 
his affectionate grasp. 

These and other allusions to the operations of tin 
ancient magic, though sufficiently indicative of tin 
methods which were employed, are too meager to 
convey any idea of the splendid and imposing ei- 
hibitioiis which must have been displayed. A na- 
tional system of deception, intended as an instra- 
ment of government, must have brought intoreoni- 
sition, not merely the scientific skill of the age, M 
a variety of subsidiary contrivances, calculated ts 
astonish the beholder, to confound his judgment, to 
dazzle his senses, and to give a predominant infti- 
ence to the peculiar imposture which it was thought 
desirable to establish. The grandeur of the mesm 
may be inferred from their efficacy, and from tiw 
extent of their influence. 

This defect, however, is to a certain degree sai^ 
plied by an account of a modem necromancy, which 
nas been left us by the celebrated Benvenuto Cel- 
lini, and in which he himself performed an actifi 
part. 

" Jt happened,^^ saysVie)^>^!aQ\i<£(i^^'«rksX^^«dA 
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them brinz me into the company of nay SicQiaii Bu- 
-'iss Angelica/ That niirht he obtained no answer 
any sort ; but I had received great satisfactioo ii 
.'•aving my curiosity so far indulged. The necn- 
manccr told me it' was requisite we should go i 
■second time, assuring me that I shonid be satuM 
in whatever I asked : but that I must bring with m 
a pure immaculate boy. 

*' I took with me a youth who was in my serricr, 
of about twelve years of age. together with the saae 
Vincenzio Romoli, who had been my companion the 
first time, and one As:nolino Gaddi. an intimate » 
quaintance, whom I likewise prevailed on to tswt 
at the ceremony. When we came to the place i^ 
minted, the priest, havine made his prepantioBia 
before, with the same and even more strikiiff eo^ 
monies, placed us within the circle, wliu!hBe U 
likewise drawn with a more wonderful art, and iaa 
more solemn manner than at our former mcet i ^|i 
Thu«, havirur committed the care of the perfifflM 
and the fire to my friend Vincenzio, who was ■tii*"^ 
by Agnolino Gaddi, he put into my hand apintacrii 
or magical chart, and bad^ n.*: turn it towards Ai 
places that he should direct inu : and nnder the pn- 
taculo I held the boy. The necromancer, havisr 
begun to make his tremendous invocations, allei 
by their names a multitude of demons who were tin 
leaders of the several legions, and questioned thnSi 
by the pr>wer of the eternal uncreated God, who 
li'veH for ever, in the Hebrew language, as likewiM 
in Latin and Greek ; insomuch that the amphitheaiR 
was almost in an instant filled with demons more Di- 
merous than at the former conjuration. VincensiD 
Komoli was busied in makins: a fire, with the at- 
sistance of Agnoiino, and burning a great quantity 
of precious perfumes. I, by the directions of tte 
necromancer, again desirrd to be in the coropaay 
of my An(;elica. The former thereupon taminf to 
wc, said, 'Know, they \\'A\e Aec\ax«A. >&«x S»l ^ 
fpdce of a month you s\\'dXi\)e'v[i\»i cQto.v^S'^^ 
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" He thus requested me to stand resolutely by 
him, because the legions were now above a thousand 
more m number than he had designed ; and besides, 
these were the most dangerous ; so that, after they 
had answered my question, it behooved him to be 
civil to them, and dismiss them quietly. At the 
same time the boy under the pintaculo was in a 
terrible fright, saying that there were in that place 
a million of fierce men, who threatened to destroy 
us ; and that moreover, four armed giants of enor- 
mous stature were endeavouring to break -into our 
circle. During this time, while the necromancer, 
trembling with fear, endeavoured by mild and gentle 
methods to dismiss them in the best way he could, 
Vincenzio Romoli, who quivered like an aspen leaf, 
took care of the perfumes. Though I was as much 
terrified as anv of them, I did my utmost to conceal 
the terror I felt ; so that I greatly contributed to 
inspire the rest with resolution ; but the truth is, I 
gave myself over for a dead man, seeing the horrid 
fright the necromancer was in. The boy placed 
his head between his knees and said, * In this posture 
will I die ; for we shall all surely perish.' I told him 
that all these demons were under us, and what he 
saw was smoke and shadow ; so bade him hold up 
his head and take courage. No sooner did he look 
up than he cried out, * The whole amphitheatre is 
burning, arid the fire is just faUing upon us.' So 
covering his eyes with his hands, he again exclaimed, 
' that destruction was inevitable, and desired to see 
no more.' The necromancer entreated me to have a 
good heart, and take care to bum proper perfumes ; 

Xn iTtrliich I turned to Romoli, and bade him burn 
he most precious perfumes he had. At the same 
time, I cast my eye upon Agnolino Gaddi, who was 
terrified to such a degree that he could scarce dis- 
tinguish objects, and seemed to be half-dead. See- 
ing lum in this condition, I said, ' Amolino^ upon 
these ocdasiona a man should not y\«'& Xo l^'vx^XsviX 

O 
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should stir about and gxve his assistance ; so come 
directly and put on some more of these.* The ef> 
fects of poor Agnolino*s fear were oveipoweriqf. 
The boy, hearini; a crepitation, ventured once mon 
to raise his head, when, seeing me laogfa, he be^ 
to take courage, and said, ' That the devils were flyinif 
away with a venpeimce.' 

" In this condition we staid till the bell rang for 
morning prayers. The boy again told us tluit ume 
remained but few devils, and these were at a neik 
distance. When the magician had performed thi 
rest of his ceremonies, lie stripped off his gown, and 
took up a wallet full of books which he haS faioiigfat 
with him. 

*' We all went out of the circle together, kaqif 
as close to each otlier as we possibW could* ssp^ 
cially the boy, who had placed himself in the nudah^ 
holding the necromancer by the coat, and me tf 
the cloak. As we were going to our houses in tai 

Suarter of Banchi, the boy told us that two of the 
emons whom we had seen at the amphitheatiB 
went on before us leaping and skipping, sometiiMi 
running upon the roofs of the houses, and sons- 
times upon the ground. The priest declared, tint 
though he had often entered magic circles, notbkf 
so extraordinary had ever happened to him. Am 
we went along, he would fain persuade me to UMt 
with him at consecrating a brook from whidi, he 
said, we should derive immense riches ; we shooid 
then ask the demons to discover to us the Tariooi 
treasures with which the earth abounds, whick 
would raise us to opulence and power ; but IM 
these love aiTairs were mere follies, fh>m wheiei 
no good could be expected. I answered, * Thrt I 
would readily have accepted his proposal, if I ■- 
derstood Latin.' He redoubled his persoasioaii 
assuring mo that the knowledf^e of the Latin In* 
ffuage was by no means material. He added, tM 
ne could have Lalui sc\ioVax% «Qsy^ if )m hit 
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thought it worth while to look out for them, hut 
that he could never have met with a partner of reso- 
lution and intrepidity equal to mine, and that I 
should by all means follow his advice. While we 
were engaged in ihis conversation, we arrived at 
our respective houses, and all that night dreamed 
of nothing but devils." 

It is impossible to peruse the preceding descrip- 
tion without being satisfied that the legions of devils 
were not produced by any influence upon the ima- 
ginations of the spectators, but were actual optical 
phantasms, or the images of pictures or objects 
produced by one or more concave mirrors or lenses. 
A fire is lighted, and perfumes and incense are burnt, 
in order to create a ground for the images, and the 
beholders are rigidly confined within the pale of 
the magic circle. The concave mirror and the ob- 
jects presented to it having been so placed that 
the persons within the circle could not see the 
aerial image of the objects by the rays directly re- 
flected from the mirror, the work of deception was 
ready to begin. The attendance of the magician 
upon his mirror was by no means necesssury. He 
took his place along with the spectators within the 
magic circle. The images of the devils were all 
distinctly formed in the air immediately above the 
fire, but none of them could be seen by those 
within the circle. The moment, however, that per- 
fumes were thrown into the fire to produce smoke, 
the first wreath of smoke, that rose through the 
place of one or more of the images, would reflect 
them to the eyes of the spectator, and they could 
again disappear if the wreath was not followed by 
another. More and more images would be ren- 
dered visible as new wreaths of smoke arose, and 
the whole group would appear at once when the 
«moke was uniformly diffused over the place occu- 
pied by the images. 

The " composition which diffasediLO\sQmfc o^wosT 
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was intended to intoxicate or stupify the spectik 
tors, so as to increase their liability t<i deceptioiii 
or to add to the real phantasms which were before 
their eyes others which were the offspring only of 
their own imaginations. It is not easy to {father 
from the description what parts of the exhibitioo 
were actually presented to the eyes of the specta- 
tors, and what parts of it were imagined by them- 
selves. It is qmie evident that the boy as well m 
Agnolino Gaddi were so overpowered with terror 
that they fancied many thinss which they did not 
see ; but when the boy declares that four armed 
gianis of an enormous stature were threatening to 
break into their circle, he gives an accurate de- 
scription of the effect that would be produced 1^ 
pushing the fi^es nearer the mirror, and then 
magnifying their images, and causing them to ad- 
vance towards the circle. Althou^ Cellini de- 
clares that he was trembling with fear, yet it ii 
quite evident that he was not entirely iterant of 
the machinery which was at work ; for in order to 
encourage the boy, who was almost dead with fear, 
he assured him that the devils were under their 
power, and that "what he saw was smoke and 
shadow." 

Mr. Roscoe, from whose Life of Cellini the pie- 
ceding description is taken, draws a similar cooclu- 
sion from the consolatory words addressed to tlie 
boy, and states that they " confirm him in the be- 
lief that the whole of these appearances, like a 
J>hantasmagoria, were merely the effects of a magic 
antern prc^uced on volumes of smoke from variooi 
kinds of burning wood." In drawing this conelo- 
sion, Mr. Roscoe has not adverted to the fact thit 
this exhibition took place sd>out the middle of the 
16th century, while the magic lantern was not in- 
vented by Kircher till towards the middle of the 
J 7th century; Cellini having died in 1570, and Kir- 
cher having been bom in \^\. TYtfstft\»\!tf^ toifal 
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that the effects described could be produced by this 
instrument, but we are not entitled to have recourse 
to any other means of explanation but those which 
were known to exist at the time of Cellini. If we 
suppose, however, that the necromancer either had 
a regular magic lantern, or that he had fitted up 
his concave mirror in a box containing the figures 
of his devils, and that this box with its lights was 
carried home with the party, we can easily account 
foT the declaration of the boy, " that, as they were 
going home to their houses in the quarter of Banchi, 
two of the demons whom we had seen at the amphithea- 
tre went on before us leaping and shippings sometimes 
running upon the roofs of the houses^ and sometimes 
upon the ground,'*^ 

The introduction of the magic lantern as an 
optical instrument supplied the magicians of the 
17th century with one of their most valuable tools. 
The use of the concave mirror, which does not ap- 
pear to have been even put up into the form of an 
instrument, required a separate apartment, or at 
least that de^ee of concealment which it was dif- 
ficult on ordmary occasions to command ; but the 
magic lantern, containing in a small compass its 
lamp, its lenses, and its sliding figures, was pecu- 
liarly fitted for the itinerant conjurer, who had nei- 
ther the means of providing a less portable and more 
expensive apparatus, nor the power of transporting 
and erecting it. 

The magic lantern shown in the annexed figure 
consists of a dark lantern AB, containing a lamp 
G, and a concave metallic mirror MN ; and it is so 
constructed, that when the lamp is lighted not a 
ray of light is able to escape from it. Into the side 
of the lantern is fitted a double tube CD, the outer 
half of which D is capable of moving within the 
other half. A large plano-convex lens C is fixed 
at the inner end of the double tube, and a small 
convex lens D at the outer end*, dxA\.Q^^ %s.&^ 

G3 
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tube CE there is Joined a groore EP, in wUd 
the sliders containine the paiated objects ara pIbm^ 
and through which tEe^ can be moved. Eacb alidK 
contains a eeriea of ^ures oi pictures paiutod W 




frinsa with highly transparent coloon. Tbe dind 
light or the lamp G, and the light reflected from 
the mirror MN, railing upon the illuminating len 
C, is concentrated by it bo as to throw a bnlUant 
light upon the painting on the slider, and aa thia 

Biinting ia in the conjugate focus of the conrex kni 
, a maenified image of it will be formed (■■ a 
white wall or airhite cloth placed at PQ, If tha 
lens D is brou^t nearer to EF, or to ttas picfDRi 
the distinct image will be more magnified, and irill 
be formed at a greater distance from D, ao tbalif 
there is any particular distance of the image irtdA 
is more convenient than another, or any particnfaa 
size of the object which we wish, it can oe obtainal 
by varying the distance of tbe lens D from EF. 

When tne image is received on an opaque giWi^ 
as is commonly the case, the spectaton are plaoqil 
in tbe same room with the lantem; bat fwr tha 
purposes of deception, it would be neceaaary to 
^lace the lanteiu in ano&et vji<ittmei&,Uka tha 
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mirror in Fig. 4, and to throw the magnified pic- 
tures on a large plate of ground glass, or a trans* 
parent gauze screen, stretched across an opening 
£F, Fig. 4, made in the partition which separates 
the spectators from the exhibiter. The images 
might, like those of the concave mirror, be received 
upon wreaths of smoke. These images are of 
course alwajrs inverted in reference to the position 
of the painted objects ; but in order to render them 
really erect, we have only to invert the sliders. 
The representations of the magic lantern never fail 
to excite a high degree of interest, even when ex- 
hibited with the ordinary apparatus ; but by using 
double sliders, and varying their movements, very 
striking effects may be produced. A smith, for ex- 
ample, is made to hammer upon his anvil, — a figure 
is thrown into the attitude of terror by the intro- 
duction of a spectral apparition, — ^and a tempest at 
sea is imitated, by having the sea on one slider, 
and the ships on other sliders, to which an undula- 
tory motion is communicated. 

The ma^c lantern is susceptible of great im- 
provement in the painting of the figures, and in the 
mechanism and combination of the shders. A painted 
figure which appears well executed to the unas- 
sisted eye becomes a mere daub when magnified 
50 or 100 times ; and when we conttder what kind 
of artists are employed in their execution, we need 
not wonder that this optical instrument has degen- 
erated into a mere toy for the amiisement of the 
young. Unless for public exhibition, the expense 
of exceedingly minute and spirited drawings could 
not be afforded ; but I have ho doubt that if such 
drawings were executed, a great part of the ex- 
pense might be saved by engraving them on wood, 
and transferring their outline to the glass sliders. 

A series of curious representations might be ef- 
fected l^ inserting fflass plates containing suitable 
figures in a trough naving two of its svi<&^ "^^-^^^ 
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and made of plate glass. The trough must be »■ 
troduced at EF, so that the figure on the ij^ass m 
at the proper distance from the object ism D." 
When the trough is filled with water, or with any 
transparent fluid, the picture at PQ will be seei 
with the same distinctness as if the figure had been 
introduced by itself into the groove EF ; but if any 
transparent liuid of a different density from water 
is mixed with it, so as to combine with it quick^ 
or slowly, the appearance of the figure displayed at 
PQ will undergo singular changes. If spirits of 
wine, or any ardent spirit, are mixed with the 
water, so as to produce throughout its mass par- 
tial variations of density, the figure at PQ wiD be, 
:is it were, broken down into a thousand parts, ud 
will recover its continuity and distinctness when 
the two fluids have combmed. If a fluid of leas 
density than water is laid gently upon the water, 
so as to mix with it gradually, and produce a rego- 
hr diminution of density downwaius, or if si^M 
substances soluble in water are laid at the bottom 
uf the trough, the density will diminish upwuds, 
and the figure will undergo the most curious elonga- 
tions and contractions. Analogous effects maybe 
j)roduced by the application of heat to the sur&oe 
or sides of the trough, so that we may effect at 
the same time both an increase and a diminutioa 
in the density of the water, in consequence of 
which the magnified images will undergo the meat 
remarkable transformations. It is not necessary to 
place the glass plate which contains the figme 
within the trough It may be placed in front of it, 
and by thus creating, as it were, an atmosphere witt 
local variations of density, we may exhibit the 
phenomena of the mirage and of looming, in which 
the inverted images of ships and other objects are 
seen in the air, as described in another Letter. 

'Hie power of the magic lantern has been greatly 
exteud^ by placing it on one side of the transpa- 
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rent screen of taffetas which receives the images, 
.while the spectators are placed on the other side, 
Sbd by making every part of the glass sliders 
opaque, excepting the part which fonns the figures. 
Hence all the figures appear luminous on a black 
ground, and produce a much greater effect with the 
same degree of illumination. An exhibition de- 
pending on these principles was brought out by M. 
Philipstal in 1802, under the name of the Phantas- 
magoria^ and when it was shown in London and 
Edinburgh it produced the most impressive effects 
upon the spectators. The small theatre of exhibi- 
tion was lighted only by one hanging lamp, the 
ilame of which was drawn up into an opaque chim- 
ney or shade when the performance began. In 
this " darkness visible" the curtain rose, and dis- 
played a cave with skeletons and other terrific fig- 
ures in relief upon its walls. The flickering light 
was then drawn up beneath its sluroud, and the 
spnectators in total darkness found themselves in the 
middle of thunder and lightning. A thin transpa- 
rent screen had, unknown to the spectators, been 
let down after the disappearance of the light, and 
upon it the flashes of Ughtning and all the subse- 
quent appearances were represented. This screen, 
being half-way between the spectators and the cave 
which was first shown, and being itself invisible, 
prevented the observers from Having any idea of 
the real distance of the figures, and gave them the 
entire character of aerial pictures. The thunder 
and lightning were followed by the figures of ghosts, 
skeletons, and known individuals, whose eyes and 
mouth were made to move by the shifting of com- 
bined sliders. After the first figure had been ex- 
hibited for a short time, it began to grow less and 
less, as if removed to a great distance, and at last 
vanished in a small cloud of light. Out of this 
same cloud the germ of another figure began to ap- 
pear, and gradually grew larger and Ivx^^Xs^sA'^;:^ 
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nroached the spectators till it attained its perfect 
aevelopment. In this manner, the head of Dr. 
Frankhn was tranHformod into a scull; finiret 
which retired with the frcshneHs of life came rack 
in the form of HkeletoriH, and the retirinj^ skeleton 
returned in the drapery of flesh and blood. 

The exhibition of immi transmutations was fol- 
lowed by Hpectros, Hkeletons, and terrific ftgures; 
which, instead of receding and vanishing as Wore, 
suddenly advanced ui>oti the spectators, beoomiiv 
larger as they approached them, and finally TWiiiAiea 
by appearing to sink into the ground The eflisct 
of this part of the exhibition was naturally the 
most impressive. The spectators were not only 
surprised but agitated, ana many of them wore oi 
opinion that they could have touched the figurei. 
M. Robertson at Paris introduced along with Ml 
pictures the direct shadows of living objects, which 
imitated coarsely the appearance of tnose objects 
in a dark night or in moonlight. 

AU these phenomena were produced by varying 
the distance of the magic lantern AD, Pig. 6, nrom 
tlie screen PQ, which remained fixed, and at the 
same time keeping the image upon the screen dis- 
tinct by increasing the distance of the lens D from 
the sliders in KF. When the lantern approached 
to PQ, the circle of light PQ, or the section of 
the cone of rays PDQ, gradually diminished, snd 
resiMnbied a small bright cloud, when D was close 
to the screen. At this time a new figure was |Nit 
111, so that when the lantern receded from the 
screen, the old figure seemed to have been tran^ 
formed into the new one. Although the figure wai 
always at the same distance from the spectatoiii 
yet, owing to its gra/iual diminution in size, it ne- 
ressarilv appeared U) be retiring to a distsnoe. 
Vfht'Ai the magic lantern was withdrawn from PQi 
and the lens I) at the same time brought nearer to 
EF, the image in PQ grdduaW^ u\et««jM4 ia siai. 
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and therefore seemed in the some proportion to be 
approaching the epectatore. 

Superior as this eshibition was to any repre-. 
ecntation tha.t had heen previously made by the 
tna^c lantern, it still laboured under several imper- 
fections. The figures were poorly drawn, and in 
other respects not well executed, and no attempt 
whatever was oiade to remove the optical incon- 
gruity of UiA figmes becoming more luminous when 
they retirad from the observer, and more obscure 
when they approached to him. The variation of 
the distance of the lens I) from the sliders in EF 
was not exactly adapted to the motion of the lan- 
tern to and from the screen, so that the outline of 
the figures was not equally distinct during their va- 
. nations of magnitude. 

Dr. Thomas Yomig sug^sted the arrangement 
shown in Fig. 6 for exhibiting the phantasmagoria. 



rv. 6. 




The magic lantern is mounted on a small car H, 
which runs on wheels WW. The direct light of 
the lamp G, and that reflected from the mirror M, 
is condensed by the illuminating lenses CC, upon 
the transparent figures in the opaque sliders at E, 
and the image of these figures is formed at PQ.,\i<4 
the object lens D. When tiie cai H i& ^7mTi.\i'&^ 
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on its wheels, the rod IK brings down the point 
K, and, by means of the rod KL, pushes the lens D 
nearer to the sliders in KF, and when the car ad- 
vances to PQ, the point K is raised, and the rod 
KL draws out the lens D from the slider, so that 
the ima^e is always in the conjuj^te focus of D, 
and therefore distinctly painted on the screea 
The rod KN must be equal in length to IK, and 
the point I must be twice the focd length of the 
lens D before the object, L beinff immediateljr under 
the focus of the lens. In order to diminish the 
brightness of the image when it grows small and 
appears remote, Dr. Young contrived that the 
support of the lens D should suffer a screen S to 
fall and intercept a part of the light. This method, 
however, has many disadvantages, and we are sat- 
isfied that the only way of producing a variation ia 
the light corresponding to the variation in the 
size of the image is to use a single illumination 
Icn.s (', and to cause it to approach EF, and throw 
less light upon the figures when D is removed from 
KF, and to make C recede from EF when D ap- 
proaches to it. The lens C should therefore be 
placed in a mean position corresponding to a mean 
distance of the screen and to the ordinary size of 
the figures, and should have the power of beioi; 
removed from the slider EF, when a greater inten- 
sity of light is required for the images when tbey 
are rendered gigantic, and of being brought dose 
to KF when the images are made small. The size 
of the lens C ought of course to be such ihaX the 
8e(rtion of its cone of rays at KF is equal to the size 
of the figure on the slider when C is at its greateit 
distance from the slider. 

Tlie method recommended by Dr. Young for poll- 
ing out and pushing in the object lens D, accoidimr 
as i\u: lantern approaches to or recedes from the 
hcrcen, is very ingenious and effective. It is how- 
ever clumay in iU>elf, and iVve eoimftxioa of the 
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levers with the screen, and their interposition be- 
tween it and the lantern, must interfere with the 
operations of the exhibiter. It is, besides, suited 
only to short distances between the screen and the 
lantern ; for when that distance is considerable, as 
it must sometimes require to be, the levers KL, 
KI, KT would bend by the least strain, and be- 
come unfitted for their purpose. For these reasons, 
the mechanism which adjusts the lens D should be 
moved by the axle of the front wheels, the tube 
which contains the lens should be kept at its great- 
est distance from £F by a slender spring, and 
should be pressed to its proper distance by the ac- 
tion of a spiral cam suited to the optical relation 
between the two conjugate focal distances of the lens. 

Superior as the representations of the phantas- 
magoria are to those of the magic lantern, they are 
still liable to the defect which we have mentioned, 
namely, the necessary imperfection of the minute 
transparent figures when magnified. This defect 
cannot be remedied by employing the most skilful 
artists. Even Michael Angelo would have failed in 
executing a figure an iucn Jong with transparent 
varnishes, when all its imperfections were to be 
magnified. In order, therefore, to perfect the art of 
representing phantasms, the objects must be living 
ones, and in place of chalky ill-drawn fignres mim- 
icking humanity by the most absurd gesticulations, 
we shall have phantasms, of the most perfect de- 
lineation, clothed in real drapery, and displaying all 
the movements of life. The apparatus by which 
such objects may be used may be called the catadi" 
optrical phantasmagoria, as it operates both by re-* 
flection and refraction. 

The combination of mirrors and lenses which 
seems best adapted for this purpose is shown in 
Fig. 7, where AB is a living figure placed before 
a large concave mirror MN, by means of which a 
diminished and inverted image of \t \« {^\\sa.<^ "^ 

H 
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ab. If PQ is the transparent screen upon whidi 
the image is to be shown to the spectaton oo the 
right-hand of it, a large lens LL must be bo placed 




Ivefore the image ai as to form a distinct and erect 
picture of it at A'B' upon the screen. When the 
im;igo A'U' is required to be the eiact size of AB| 
thi^ knH LL must magnify the small image ui as 
much an the mirror MN diminishes the flgocv 
Alt. The hving object AB, the mirror MN, ind 
the lens LL must all be i)laced in a moveable cnr 
for the purpose of producing the variations in the 
size of the phantasms, and the transformations of 
one figure into another. The contrivance for ad> 
justing the lens LL to give a distinct picture at 
different distances of the screen will of course be 
required in llie present apparatus. In order to gin 
full effect to the phantasms, the living objects at 
AB will require to be illuminated in the stronseat 
manner, and should alwavs be dressed either in whits 
or in very luminous colours, and in order to gin 
them relief a black cbth tihouU b^ atretchM at 
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some distance behind them. Many interesting ef- 
fects might also be produced by introducing at A6 
fine paintings and busts. 

It would lead us into toa wide a field were we to 
detail the immense variety of resources which the 
science of optics furnishes for such exhibitions. 
One of these, however, is too useful to be passed 
without notice. If we interpose a prism with a 
small refracting angle between the image ah. Fig. 
7, and the lens LL, the part of the figure imme- 
diately opposite to the prism will be, as it were, de- 
tached from the figure, and will be exhibited sepa- 
rately on the screen PQ. Let us suppose that 
this part is the head of the figure. It may be de- 
tached vertically, or lifted from the body as if it 
were cut off, or it may be detached downwards and 
placed on the breast as if the figure were deformed. 
In detaching the head verticaSy, or laterally, an 
opaque screen must be applied, to prevent any part 
of the head from being seen by rays which do not 
pass through the prism ; but this and other practical 
details will soon occur to those who put the method 
to an experimental trial. The application -of the 
prism is shown in Fig. 8, where ab is the inverted 
image formed by a concave mirror, ABC a prism 
with a small refracting angle BCA, placed between 
ab and the lens LL, s a small opaque screen, and 
AB the figiure with its head detached. A hand 
may t)e made to grasp the hair of the head, and the 
aspect of death maybe given to it, as if it had been 
newly cut off. Such a representation could be 
easily made, and the effect upon the spectators would 
be quite overpowering. The lifeless head might 
then be made to recover its vitality, and be safely re- 
placed upon the figure. If the head A of the living 
object AB, Fig. 7, is covered with black cloth, the 
head of a person or of an animal placed above A 
might be set upon the shoidders of the figure AB 
by the refraction of a prism. 
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When the figure ab^ Fig. 8, is of rery nudl di- 
mensions, as in the magic hmtem, a amaUJpnm of 
glass would answer the purpose leqairad of it ; but 

Fig. a 




in public exhibitions, where the images almiist be 
of a considerable size, if formed by a concaye mir- 
ror, a very large prism would be necessary. This, 
however, though impracticable with solid glass may 
be easily obtained by means of two large jueces of 
plate glass made into a prismatic yessel and filled 
with water. Two of the glasses of a carria^ win- 
dow would make a prism capable of doubling the 
whole of the bust of a living person placed as an 
object at AB, Fig. 7, so that two perfectly sinuhir 
phantasms might be exhibited, in those cases 
where the images before the lens LL are small, 
they may be doubled and even tripled by Inter- 
posing a well prepared plate of calcareous spar, that 
18, crossed by a thin film. These images would 
possess the siimdar character of being oppositely 
coloured and of changing their distances and their 
colours by slight variations in the positions of the 
plate. • 

111 order to render the images which are formed 
by the glass and water prisms as perfect as possible* 
it would be easy to make them achromatic, and thm 



figures migbt be moltfplkd to anf exUmt hf wksik^ 
several {nrtsms, hzwin^ unar ninte^img^ e^ifM fikrkfkl, 
for the purpose of giying^ a nankaity of pMtiMi to 
all the images. 

Among the instnunents of natural OMipk: whi/^b 
were in use at the revival of scieoc^^, there waft «>n^ 
invented by Kircher for exhibiting the myi^Urif^^ 

Fig. 9. 




handwriting on the ws^ of an apartment from which 
the magician and hi^2q>paratus were excluded. The 
annexed figure represents this apparatus, as given 
by Schottu^. The apartment in which the specta^ 
tors are placed is between LL and GH, and there is 
an open window in the side next LL, GH being 
the inside of the wall opposite to the window. Upon 
the face of the plane 4>®culum EF are written the 
words to be introduced, and when a lens LL is placed 
at such a distance from the speculum, and of such 
a focal length that the letters and the {dace of their 
representation are in its conjugate foci, a distinct 
image of the writing will be exhibited on the wall 
at GH. The letters on the q)eculum are of course 
inverted as seen at EF, and when they are illumi- 
nated by the sun's rays S, as shown in the figure, a 
distinct Image, as Schottus assures us, may be 
formed at the distance of 500 feet. In this experi- 
ment the speculum is by no means Tiec^*«ar^ . ^^ 
ibe letters are cut out of an opacme eax^^sA'S^soas^ 

H3 
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nated by the light of the sky in the day, or bya 
lamp during night, their deuneatioii on the will 
would be equally distinct. In the daytime it wooU 
be necessary to place the letters at one end of a 
tube or oblong box, and the lens at the other muL 
As this deception is performed when the spectaton 
are unprepared for any such exhibition, the waminff 
written in luminous letters on the wall, or any woii 
associated with the fate of the individuad observer, 
could not fail to produce a singular effect upon hn 
mind. The wor& might be magnified, diminished, 
multiplied, coloured, and obliterated, in a cloud of 
light, from which they might again reappear by the 
methods already described as applicable to the maffc 
lantern. 

The art of forming aerial representations was t 
great desideratum among the opticians of the 17th 
century. Vitellio and others had made many an- 
Buccessful attempts to produce such images, and the 
speculations of Lord Bacon on the subject are too 
curious to be withheld from the reader. 

" It would be well bolted out," says he, " whether 
great refractions may not be made upon reflections, 
as well as upon direct beams. For example, take 
an empty basin, put an angel or what you will into 
it ; then go so far from the basin till you cannot see 
the angel, because it is not in a ririit line ; then fill 
the basin with water, and you shall see it out of its 
place, because of the refraction. To proceed, there- 
fore, put a looking-glass into a basin of water. I 
suppose you shall not see the image in a right line 
or at equal angles, but ¥ride. I know not whether 
this experiment may not be extended, so as yoa 
might see the image and not the glass, which, for 
beauty and strangeness, were a fine proof, for tbea 
you should see the image like ,a spirit in the air. 
Ah, for example, if there be a cistern or pool ef 
water, vou shall place over agamst it the iHctaie 
of the devilf or what you wii)i« «o «& Hlknl^^fi^^ifllt 
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Btences. Althon^ Kifeher doea not mentifm ft,}«t 
it is maoifest tbat the original figura AB mnat un 
bMn a defonned or anamorphons drairinr. In Oiito 
to eive a reflected image of Just proportioiu. Wi 
doubt, indeed, if the representaiiDn or tbs flgnra wa 
ever exhibit«d. It ie entirely Incompatitde wtfli fi* 
laws of reflection. 

Among fhe ingenious and beaotifbl deca pti oM t^ 
tbe tTth century, we must ennmeiatfl ttiu ot te 
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refomiation of distorted pictures by refleetioa tim 
cyiindrical and conical mirrors. In tiiete repnMBU 
atHUu lb« origiiial image hom ^^iMih<.v uAii(l i f m 
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tare Is prodnced is oden so completely distorted, 
that the eye cannot trace in it the resemblance to 
any regular figure, and the greatest degree of wonder 
is of course excited, whetber the OTiginal image is 
concealed oi exposed to new. These distorted pic^ 
tures may be drawn by strict geometrical rules ; 
but 1 have shown ia Fig. ll a simole and practical 
method of executing them. Let MN be an ac<nirate 
cylinder made of tin-plate orof thick pasteboard. Out 
of the farther side of it cut a Bmall aperture aicJ; 
and out of the nearer side cut a laiKer one ABCD, 
the size of the pictnie to be distorted. Having per- 
forated the outline of the picture with small holes, 
place it on the opening ABCD so that its snrfte« 
may be cylindrical. Let a candle or a bright Inmi- 
nous object, the smfdler the better, be placed at 8, 
as far betiind the picture ABCD as the eve is after- 
ward to be placed before it, and the light passing 
through the small holea irill represent on a hori- 
zontal plane a distorted image of the picture A'B* 
CD' which when sketched in outline with a pencil, 
and shaded or coloured, will be ready for use. If 
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tra now snbstitiite a polished cjrlindxvcai \t«nt» ot 
tig same aze ia place of MN, (heu X\ifi ffisftra^^tK^. 
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TMctuie when laid' horizontally at AVCD* 
be restored to its original state when seen b 
flection at ABCD in the polished nmror. 
would be an improrement on this method to ] 
at ABCD a thin and flexible plate of trangp 
mica, having drawn upon it with a sharp pou 
painted upon it, the figure required. The pra^ 
imatfe of this flgure at A'B'C'D'may then be i 
rately copied. 

The effect of a cvlindrica] mirror U shown in 
13, which is copied from an old one which we 

The method above described is equally appli( 
to concave cylindrical mirrors, and to those of a 
ical form, and it may also be applied to minM 
variable curvature, which produce different kind 
distortions from different parts of Uieir b\ 



Fig. 13. 




By emidoTing a mirror whose sorface has a 
riable curvatore, like ABC. Fia. 13, we obtaii 
toMnuneiA for pioducing aa en&Bw 'rawt:^ of < 
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catures, all of which are characterixed bv their re« 
semblance to the originaL If a figure UN is placed 
before such a mirror, it will of course appear dis- 
torted and caricatured, but even if the figure takes 
different distances azid positions, the variations 
which the image undergoes are neither sufllciently 
numerous nor remarkable to afford much amusement. 
But if the figure MN is very near the mirror, so 
that new distortions are produced by the different 
distances of its different parts from the mirror, the 
most singular caricatures ms^ be exhibited* If 
the figure, for example, bends K>rwaid his head and 
the upper part of ms body, they will swell in size, 
leaving his lower extremities short and slender. 
If it draws back the upper part of the body and ad- 
vances the limbs, the opposite effect will take place. 
In like manner different sides of the head, the right 
or the left side of it, the brow or the chm, may be 
swelled and contracted at pleasure. By stretching 
out the arms before the body they become like those 
of an orang outanff, and by drawing them back they 
dwindle into half their regular size. All these 
effects, which depend gremj on the agility and 
skill of the performer, may be greatly increased by 
suitable distortions in his own features and figure. 
The family likeness, which is of course never lost 
in all the variety of figures which are thus produced, 
adds greatly to, the interest of the exhibition ; and 
we have seen individuals so annoyed at recognising 
their own likeness in the hideous lorms of humanity 
which were thus delineated, that they could not 
be brought to contemplate them a second time. If 
the figure is inanimate, like the small cast of a statue, 
Ihe effect is very curious, as the sweUing and con- 
tracting of the parts and the sudden change of ex- 
pression give a sort of appearance of vitafity to the 
unage. The infiexibiUty of such a figure, however^ 
is unfavourable to its transfonnationmtoeviivcaX^Bft*^^. 
Interestuiff as these metamoTplao«e& «t^> N^^'^ 
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lose in the simplicity of the experimenl mwA 
the wonder which they could not fail to exeil! 
exhibited on a great scale, where the perfonma 
invisible, and where it is practicable to give an afl 
representation of the caricatured figwea. T 
may be done by means of the apparatus fdunn 
Fig. 7,* where we may suppose AB to be tiis 
duoed image seen in the reflecting aoifaoe JJ 
Fig. Id'.f By bringing this imafle nearer the i 
ror MN, Fig. 7, a magnified and inverted image 
il may be formed at o^, of such a magnitode ai 

S've the last image in PQ the same aize as I 
wing to the loss of light by the two reflectioBi 
very powerful illumination would be requisite 
the original figure. If such an exhibition weit^ 
got up the effect of it would be very atrikiof. 
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|ll«oe11aneoiu Opdcd I11imIoii»— Converaloa dOnmam faNolMiri 
or EleTatlona into Dunrmlom, tnd the R efgn w ' Explumitim ^ 
CltM of Deeeptiofw— SlOfolar Eflbets omiaroinMioa wf ih Ugklif 
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rent Motion of the Ptetures of ■ Portrait, whea UmBtw «• ail 
more— BMMurlnUe BtpertaMit of breathing I J<M mil Di 



In the preceding Letter I have given an 
of the most important instruments of Nate 
Magic which depend on optical principles ; bat III 
still remain several miscellaneous phenoment 
which the stamp of the marvellona ia deeplf i 
pressed, and the study of which is pregnant vi 
mstruction and amusement. 

^rifoss. \Viei9i 
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One of th^ most curious of these is that false 
perception in vision by which we conceive depres- 
sions to be elevations and elevations depressions, 
)r by which intaghos are converted into cameos and 
cameos into intaglios. This curious fact seems to 
lave been jfirst observed at one of the early meet- 
jigs of the Royal Society of London, when one of 
.he members, in looking at a guinea through a com- 
M)und microscope of new construction, was sur- 
prised to see the head upon the coin depressed, 
ivhile other members could only see it embossed as 
t really was. 

While using telescopes and compound micro- 
scopes, Dr. Gmelin of Wirtemburg observed the 
lame fact. The protuberant parts of objects ap- 
peared to him depressed, and the depressed parts 
protuberant; but what perplexed him extremely, 
;his illusion took place at some times and not at 
)thers, in some experiments and not in others, and 
appeared to some eyes and not to others. 

After making a great number of experiments, Dr. 
GrmeUn is said to have constantly observed the fol- 
owing effects: Whenever he viewed any object 
•ising upon a plane of any colour whatever, pro- 
vided it was neither white nor shining, and provided 
he eye and the optical tube were directly opposite 
;o it, the elevated parts appeared depressed, and the 
iepressed parts elevated. This happened when he 
vas viewing a seal, and as often as he held the tube 
>f the telescope perpendicularly, and applied it in 
(uch a maiyier that its whole surface almost covered 
he last glass of the tube. The same effect was 
irodnced when a compound microscope was used. 
A^en the object hung purpendicidarly fVom a plane, 
ind the tube was supported horizontally and directly 
opposite to it, the illusion also took place, and the 
ippearance was not altered when the object hung 
Miquely and even horizontally. Dr. Gmelin is said 
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to hsve aft last ducorered a method 6f pfgwetAmg 
tiiis iDnnon, wMch was, by looking not towards ths 
oMiftre of the couvexity, but at first to the edges of 
it (mly, and then gradually taking in the whde. 
" But why these things should so hiqppen, he did 
not pretend to determine." 

The best method of observing this deception w 
to Tiew the engraved seal of a watch with the eye- 
piece of an achromatic telescope, or with a com- 
pound microscope, or any combination of lensesy 
which inverts the objects that are viewed throosfa 
it* Tlie depression in the seal will immediatdv 
appear an elevation, like the wax impression which 
is taken from it ; and though we know it to be hol- 
low, and feel its concavity with the point of gm 
finger, the illusion is so strong that it continoBS to 
appear a protuberance. The cause of this will be 
understood from Fig. 14, where 8* is tke window 

Fig. 14. 





of the apartment, or the light which iUamiiiitai 
the hollow seal LR, whose shaded side is of coiiise 
on the same side L with the hght. If we now in- 
vert the seal with one or more lenses so that s 
may look in the opposite direction, it will ^pearto 
the eye as in Fig. 15, with the shaded side L W- 
thest from the vidndow. But as we know thai tts 

• A nngla eaartx lena wUl ■nswer the porpo^ Jgn ded w« 
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window h stiU on our left-hand/ vHHHJE'thHUit 
falls in the direction RL, and' ^tfWoqrtedfimi 
its shaded side farthest from the light must 

. Fig^ 15 








earily be convex or protuberant, we immediately 
believe that the hollow seal is now a cameo or 
bas-relief. The proof which the eye thus receives 
of the seal being raised overcomes the evidence of 
its being hollow derived from our actual knowledge, 
and from the sense of touch. In this experiment 
the deception takes place from our knowing the 
real direction of the hght which faUs upon the seal ; 
for if the place of the window, with respect to the 
seal, had been inverted as well as the seal itself, 
the illusion could not have taken place. 

In order to explain this better, let us suppose the 
seal LR, Fig. 14, to be illuminated ¥dth a candle S, 
the place of which we can change at pleasure. If 
we mvert LR, it will rise into a cameo, as in Fig. 
15 ; and if we then place another candle D on the 
other side of it, as in Fig. 16, the hollow seal will 
be equally illuminated on all sides, a^d it will sink 
down into a cavity or intaglio. If the two candles 
do not illuminate the seal equally, or if any acci- 
dental circumstance produces a belief that the light 
is wholly or principally on one side, the mind will 
entertain a corresponding opinion respecting the 
state of the seal, regarding it as a hollow if it be- 
tieves tiie light to come wholly or principally from 
the rii^t-hand, and as a cameo V[ iX \>^^n^^ ^^ 
Ugbt to come irom the left-hand. 



rtaasn^ 
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If we use a tmaU telescope to invert the i 
and if we cover up all the candle but its flauM 
arrange the experiment so that the candle m 

Fig. 16. 






inverted along with the image, the seal wil 
retain its concavity, because the shadow is at 
the same side with the illuminating body. 

If we make the same experiments with the x 
impression of the seal taken upon wax, we 
observe the very same phenomena, the seal 1 
depressed when it alone is inverted, and reta 
its convexity when the light is inverted i 
with it. 

The illusion, therefore, under our consider 
is the result of an operation of our own m 
whereby we judge or the forms of bodies b; 
knowledge we have acquired of light and sha 
Hence the illusion depends on the accuracy 
extent of our knowledge on this subject; 
while some persons are under its influence, o1 
are entirely insensible to it. When the se; 
holJoiy cavity is not polished but ground, am 
surface round it of uniform colour uid smooth] 
almost every person, whether younff or old, lea 
or ignorant, will be subject to the iflusion ; bee 
the voungest and the most careless observers 
not but know that the shadow of a hollow is all 
on the side next the light, and the shadow of a 
tubrrance on the side opposite to the Uffht ; b 
the object is the rsd8edimpxeaa\oxiQl^«»£>s^^' 
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have found that when inverted, it still seemed 
ised to the three youngest of six persons, while the 
iree eldest were subject to the deception. 
This illusion may be dissipated by a process of 
asoning arising from the mtroduction of a new 
rcumstance in the experiment. Thus, let RL, Fig. 
r, be the inverted seal, which consequently appears 



Fig, 17. 




f. 



used, and let an opaque and unpolished pin A be 
aced on one side of the seal. Its shadow will be 
!" course opposite the candle, as ac B. In this case 
le seal, wnich had become a cameo by its inver- 
on, will now sink down into a cavity by the intro- 
iction of a pin and its shadow ; for as the pin and 
3 shadow are inverted, as shown in Fig. 18, while 



Fig, 18. 





le candle retains its place, the shadow of the pin 
Uing in the direction AB is a stronger proof to 
le eye that the light is coming from the right-hand 
an the actual knowledge of the candle being on the 
ft-hand, and therefore the cameo iLev:^«ia»r^^ %\£^ 

18 
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into a cayity, or the shadow is now on fhe 

side as the ufjrht. This experiment will ezpUia to 
us why on some occasions an acute observer wS 
elude the deception, while eyery other person ■ 
subject to it. Let us suppose that a particle of dmti 
or a little bit of wax, capable of giving a shadow, ii 
adhering to the surface of the mSL ; an ordinary ob- 
server will take no notice of this, or if he does, ha 
will probably not make it a subiect of consideration, 
and will therefore see the head on the seal raised 
into a cameo : but the attentive observer, noticinf 
the little protuberance, and observing that its shadow 
lies to the left of it, will instantly infer that the 
iifrht comes in that direction, and will still see the 
seid hollow. 

I have already mentioned that in some cases efen 
the sense of touch does not correct the erroneoni 
preoption. We of course feel that the part of the 
liollow on which the finger is placed is actually hol- 
low; but if we look at the other part of the hoUotr 
it will still appear raised. 

Hy using two candles yielding different degrees 
of liglit, and thus giving an uncertainty to the £rec- 
tion of the light, wc may weaken the diusion in anv 
•legroe wt? choose, so as to overpower it by touco 
ur l)y a process of reasoning. 

I have had occasion to o^erve a series of analo- 
gous phenomena arising from the same causSi but 

Fig, 19. 




lift 
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11 ■:=..!'^^::zr?j'!iinrii.-'l 

tbi 
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produced without any instrument for inverting 

object. If AD, for example, is a plate of mother- 
cf'pearl, and LR a circuiax or uq ^i^Cb«t caarttr 
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([Fie. 19) ground or turned in it, then if this cavity 
is iUuminated by a candle or a window at S, in place 
of there being a shadow of the margin L of the hollow 
next the light, as there would have been had the 
body been opaque, a quantity of bright refracted 
light will appear where there would nave been a 
shadow, and the rest of the cavity will be compara- 
tively obscure, as if it were in shade. The neces- 
sary consequence of this is, that the cavity will ap- 
pear as an elevation when seen only by tne naked 
eye, as it is only an elevated surface that could have 
its most luminous side at L. 

Similar illusions take place in certain pieces 
of polished wood, calcedony, and mother-of-pearl, 
where the surface is perfectly smooth. This arises 
from there being at that place a knot or growth, or 
nodule of different transparency from the surround- 
ing mass, and the cause of it will be understood from 
Fig. 30. Let mo be the surface of a mahogany 

Fig, 20. 




table, AmoB a section of the table, and mno a 
section of a knot more transparent than the rest of 
the mass. Ovnng to the transparency of the thin 
edge at o, opposite to the candle S, the side o is 
illuminated, limle the rest of the knot is compara- 
tively dark, so that on the principles already ex- 
plained the spot mno appears to be a hollow in the 
table. From this cause arises the appearance of 
dimples in certain plates of calcedony called ham- 
mered calcedony, owinff to its having the look of 
being dimpled with a nammer. The surface on 
whicn these cavities are seen is a section of small 
spherical aggregations of siliceoua aid^i<t "vYcli^ 
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exhibit the same phenomena as the cavities in irooi 
Mother-of-pearl presents the very same phenomen, 
and it is indeed so common in this substance tint 
it is nearly impossible to find a mother-of-peail bit- 
ton or counter which seems to have its surfooeitf, 
although they are perfectly so when examined bj 
the touch. Owinff to the mfferent refraction of fli 
incident light by the different growths of fhe didl 
cut in different directions by the artificial MaAet, 
like the annual growth of wood in a dressed pboki 
the surface has necessarily an unequal and ands- 
lating appearance. 

Among the wonders of science there are perils 
none more surprising than the effects produced Vf!m 
coloured objects by illuminating them with honi^ 
geneous light, or ught of one colour. The IM 
which emanates from the sun, and by which all ue 
objects of the material world are exhibited to w, ii 
composed of three different colours, red^ yeUow^ ad 
blue, by the mixture of which in different propor- 
tions adl the various hues of nature may be produced. 
These three colours, when mixed in the proportion 
in which they occur in the sun^s rays, compose a 
purely white light ; but if any body on whidi this 
white light falls shall absorb, or stop, or detain 
within its substance any part of any one or more 
of these simple colours, it will appear to the eve of 
that colour which arises from the mixture of all the 
rays which it does not absorb, or of that cdovr 
which white light would have if deprived of the 
colours which are absorbed: Scarlet cloth, for ei- 
ample, absorbs most of the blue rays and many of 
the yellow, and hence appears red. YeUow clott 
absorbs most of the blue and many of the red rayi, 
and therefore appears yellow, and blue cloth absoite 
most of the yellow and red ra3r8. If we were to 
illuminate the scarlet cloth ¥ritn pure and nwmi^M 
yellow light, it would appear yellow^ becaase.flis 
scarlet cloth does pot moib all the yellow n|% 
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mt reflects some of them ; and if we illuminate blue 
sloth with yellow iiffht; it will appear nearly blacky 
»ecause it absorbs all the yellow light, and reflects 
ilmost none of it. But whatever be the nature and 
colour of the bodies on which the yellow light falls, 
he light which it reflects must be yellow, for no 
ither light falls upon them, and those which are not 
lapable of reflecting yellow liffht must appear abso- 
ately black, however brilliant oe their colour in the 
ight of day. 

As the methods now discovered of producing yel- 
ow light in abundance were not known to the an- 
ient conjurers, nor even to those of later times, 
hey have never availed themselves of this valuable 
esource. It has been long known that salt thrown 

Fig. 21. 




ito the wick of a flame produces yellow lights but 
tiis light is mijied with blue and ^eeiv W3^^*«s^\%^ 
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besides, so small in quantity, that it illimiiiiatef 
Jects onlv that are in the immediate vicinity oj 
flame. A method which I have found capaU 
producing it in abundance is shown in Fi| 
where AB is a lamp containing at A a large <; 
tity of alcohol ana water, or ardent spirits, n 
gradually descends into a platina or metallic ci 
This cup is strongly heated by a spirit-lamp I 
closed in a dark lantern, and when the diluted 
hoi in D is inflamed, it will burn ¥rith a fierce 
powerful yellow flame : if the flame should n* 
perfectly yeUow, owing to an excess of alcot 
proportion of salt thrown into the cup will an 
the same purpose as a further dilution of 
alcohol.* 

A monochromatic lamp for producing ji 
light may be constructed most eflectually uy 
ploying a portable gas lamp containing compn 
oil gas. If we allow the gas to escape in a co] 
stream, and set it on fire, it will form an explt 
mixture with the atmospheric air, and will no Ic 
burn with a white flame, but will emit a bluish 
reddish light. The force of the issuing gas, oi 
accidental curtent of air, is capable of blowinj 
this flame, so that it is necessary to have a cc 
vance for sustaining it. The method which I 
for this purpose is shown in Fig. 23. A small 
tube abcj arising from the main bomer MN o) 
gas lamp PQ terminates above the burner, an 
a short tube de, moveable up and down withi 
so as to be gas-tight. This tube de, closed 
communicates with the hollow ring^, in the 1 
of which four apertures are perforated in sc 
manner as to throw their jets of gas to the api 
a rone, of which fg is the base. When we i 
the gas to flow from the burner M, by openiq 
main cock A, it will rush into the tube abed 

* See Edn^bwgk IVtnuactiinut'i^.Vx.v^tt. 
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flame, wnich will last as long as there is gas la ftc 
reservoir. In place of a collar of cotton wtck, a 
hollow cylinder of sponge, with numeroiis ptoieci- 
ing tuils, may be used, or a collar may be sunuailf 
constructed with asbestos cloth, and, if thought ne- 
cessary, it might be supphed with a saline solntiofi 
from a capillary fountain. 

Having thus obtained the means^ illuminatiiig 
any apartment with yellow light, l^fehe exhilHtioa 
be made in a room with furniture oNuiouB bright 
colours, with oil or water-coloured paintings on the 
wall. The party which is to witness the experiment 
should be dressed in a diversity of the gaynt 
colours ; and the brightest coloured flowers and 
highly coloured drawings should be placed on tla 
tables. The room being at first lighted withoidinaiy 
lights, the bright and gay coloiu*s of every thiitg thil 
it contains mQ be finely displayed. If the wtiM 
lights are now suddenly extinguished, and the yd- 
low lamps lighted, the most appalling metamonhflw 
will be exhibited. Tho astonished individiiaiB wiB 
no longer be able to recognise each other. AH te 
furniture in the room and all the objects wMA i 
contains will exhibit only one colour. The flw iws 
will lose their hues. The paintings and dnatHa^ i 
will appear as if they were executed in ChiaSttif : 
and the gayest dresses, the brightest seailsliihtill ] 
purest lilacs, the richest blues, and the moslrl' '* 
greens will all be converted into one vm 
yellow. The complexions of the parties io^\ 
suffer a corresponding change. One paUid 
like yellow, 



-like the nnnatural h«i6 



Wlilch antumn plant* upon the perialNi ktl^ 

will envelope the young and the old, and tlie sdlf 

faces will alone escape from the metamQrpiMI|. 

Each individual derives merriment from the oaMi* 

rou8 appearance of his i^eigY^xn^^^DdSNd^VwncAlk 
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Bible that he is himself one of the ghostly assem- 
blage. 

If, in the midst of the astonishment which is thus 
created, the white lights are restored at one end of 
the room, while the yellow lights are taken to the 
other end, one side of the dress of every person, 
namely, that next the white light, will be restored 
to its original colours, while the other side will re- 
tain its yellow hue. One cheek will appear in a state 
of health and colour, while the other retains the pale- 
ness of death, and, as the individuals change their 
position, they will exhibit the most extraordinary 
transformations of colour. 

If, when all the lights are yellow, beams of white 
light are transmitted through a number of holes like 
those in a sieve, each luminous spot will restore the 
colour of the dress or furniture upon which it falls, 
and the nankeen family will appear all mottled over 
with every variety of tint. If a magic lantern is 
employed to throw upon the walls or upon the 
dresses of the company luminous litres of flowers 
or animals, the dresses will be painted with these 
figures iu the real colour of the dress itself. Those 
tlone who appeared in yellow, and with yellow com- 
plexions, will to a great degree escape all these sin- 
gular changes. 

If red and blue light could be produced with the 
same facility and in the same abundance as yellow 
light, the illumination of the apartment with these 
lights in succession would add to the variety and 
wonder of the exhibition. The red light might per- 
haps be procured in sufficient ^antity from the ni- 
trs^ and other salts of strontian ; but it would be 
difScnlt to obtain a blue flame of sufficient intensity 
for the suitable illumination of a large room. Bril- 
liant white lights, however, might be used, having 
for screens glass troughs containing a mass one or 
two inches thick of a solution of the ammoniacal 
caibonate of copper. This soVgitvou ^^.q"^^**^^ 

K 
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ra3rs of the spectrum but the blue, and the intenflity 
of the bhie light thus produced would increase ia 
the same proportion as the white light employed. 

Among the numerous experiments with which 
science astonishes and sometimes even strikes terror 
into the ignorant, there is none more calculated to 
produce this effect than that of displaying to the 
eye in absolute darkness the legend or inscriptioo 
upon a coin. To do tliis, take a silver coin (I nave 
always used an old one), and after poUshinff the sur- 
face as much as possible, make the parts of it which 
are raised rough by the action of an acid, the parts 
not raised, or those which are to be rendered darKest, 
retaining their polish. If the coin thus prepared is 
placed upon a mass of red-hot iron, and removed 
into a dark i^om, the inscription upon it will beoome 
less luminous than the rest, so that it may be dis- 
tinctly read by the spectator. The mass oi red-hot 
iron should be concealed from the obsenrer's eye, 
both for the purpose of rendering the e|ye fitter for 
observinf^ the effect, and of removing^ all doubt that 
tlie inscription is really read in the dark, that is, 
without receiving any light, direct or reflected, from 
any otiicr body. If, in place of polishing the de- 
pressed parts, and roughening its raised parts, we 
make the raised parts poUshed, and roughen the de- 
pressed parts, the inscription will now be less lami- 
nous than the depressed parts, and we shall still be 
able to read it, from its being, as it were, written in 
black lettirs on a white ground. The first time I 
made this experiment, without being aware of what 
would be the result, I used a French shilling of Loos 
XV., and I was not a little surprised to observe upon 
its surface in black letters the inscription BshdhC' 

TUM SIT NOMEN DeI. 

The most surprising form of this experiment b 
when we use a coin from which the inscription has 
been eitlier wholly obliterated, or obliterated in such 
a degree as to be illegible . When such a coin is bid 
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Opon the red-hot iron, the letters and figures become 
oxidated, and the film of oxide, radiating more pow- 
erfully than the rest of the coin, will be more luniiiioui 
than the rest of the coin, and the illegible inscription 
may he now distinct!}' read, to the great surprise of 
the observer, who had examined the blank surface 
of the coin previous to its being placed upon the 
hot iron. The different appearances of the same 
coin, according as the raised parts are poUahed or 
roughened, are shown in Fig. 23 and 24. 

Fig. 23. Fig. 24. 




In order to explain the cause of these remarkable 
effects, we must notice a method which has been 
long known, though never explained, of deciphering 
the inscriptions on worn-out coins. This is done 
by merely placing the coin upon a hot iron; — 
An oxidation takes place over the whole surface of 
the coin, the film of oxide changing its tint with the 
intensity or continuance of the heat. The parts, 
however, where the letters of the inscription had 
existed, oxidate at a different rate from the surround- 
ing parts, so that these letters exhibit their shape, 
and become legible in consequence of the film of 
oxide which covers them havmg a different thick- 
ness, and therefore reflecting a different tint from 
tiiatof the adjBceot parts. The tinlaVcixia^i'^^Kf^^ 
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Bometimes pass throii^h many orders of briniml 
colours, particularly pink and green^ and settle in a 
bronze, and sometimes a black tint, resting upon tha 
inscription alone. In some cases the tint left on the 
trace of the letters is so very faint that it can just 
be seen, and may be entirely removed by a abght 
rub of the finger. 

When the experiment is often repeated with tiie 
same coin, and the oxidations successively removed 
after each experiment, the film of oxide continues 
to diminish, and at Last ceases to make its appear- 
ance. It recovers the property, however, m the 
course of time. When the coin is put upon the hot 
iron, and consequently when the oxidation is tha 
greatest, a considerable smoke arises from the coin, 
and this diminishes like the film of oxide by freqoent 
repetition. A coin which had ceased to emit this 
■moke smoked slightly after having been exposed 
twelve hours to the air. I have found from nume- 
rous trials that it is always the raised parts of the coin, 
and in modem coins the elevated ledge round the 
inscription, that become first oxidated. In an Eng- 
lish shilling of 1816 this ledge exhibited a brilliant 
yellow tint before it appeared on any other part of 
the coin. 

If we use a uniform and homogeneous disk of 
silver that has never been hammered or compressed, 
its surface will oxidate equally, provided all its parts 
are equally heated. In the process of converting 
this disk into a coin, the sunk parts have obviously 
been moxi compressed by the prominent parts of tte 
die, and the elevated parts least compressed, the metal 
being in the latter left, as it were, in its natural stats 
The raised letters and figures on a coin have there- 
fore less density than the other parts, and these parts 
oxidate sooner or at a lower temperature, when 
the hftters of i\w higend arc worn off by friction, the 
parts immediately below thom have also less density 
than the surrounding n\el^\, ^xvd XVwt «vtA^ as it were, 
of the letters therefore xcccvv^ ito^\yKA%.^wB«fc 
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of oxidation, and a colour difTerent from that of the 
surrounding surface. Hence we obtain an explana- 
tion of the revival of the invisible letters by oxidation. 

The sanie influence of difference of density may 
be observed in the beautiful oxidations which are 
produced on the surface of highly polished steel, 
neated in contact with air, at temperatures between 
430° and 630° of Fahrenheit.* When the steel has 
hard portions called pins by the workmen, the uni- 
form tint of the film of oxide stops near these hard 
portions, which always exhibit colours different 
from those of the rest of the mass. These parts, 
on account of their increased density, absorb the 
oxygen of atmospheric air less copiously than the 
surrounding portions. Hence we see the cause 
why steel expanded by heat absorbs oxygen, which, 
when united with the metal, forms tne coloured 
superficial film. As the heat increases, a greater 
quantity of oxygen is absorbed, and the film increases 
in thickness. 

These observations enable us to explain the 
legibility of inscriptions in the dark, whether the 
coin is m a perfect state, or the letters of it worn 
off. All black or rough surfaces radiate light more 
copiously than polished or smooth surfaces, and 
hence the inscription is luminous when it is rough, 
and obscure when it is polished, and the letters cov- 
ered with black oxide are more luminous than the 
adjacent parts, on account of the superior radiation 
of light by the black oxide which covers them. 

By the means now described invisible writing 
might be conveyed by impressing it upon a metallic 
surface, and afterward erasing it by grniding and pol- 
ishing that surface perfectly smooth. When exposed 
to a proper degree of heat, the secret would display 
itself written in oxidated letters. Many aniusing 
experiments might be made upon the same principle, 

* Sot SdMwrgX Bneydopadia^ Art. STm<,NoVi:^^>.>8Slx 
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A series of curious and sometimes alanning de- 
ceptions arises from the representatiun of obiecti 
in perspective upon a plane surface. One of tbe 
most interesting of these depends on tlie principlei 
-which n^giilate the apparent direction of the eyei 
in a portrait. Dr. Wollaston has thought this sub- 
ject of sufficient importance to be treated at ROme 
length in the Philosophical Transactions. Whei 
-we look at any person, we direct to them both onr 
face and our eyes, and in this position the circular 
iris will be in the middle of the white of the eye- 
ball, or, what is the same thing, there will be the 
same quantity of white on each side of the iris. 
If the eyes are now moved to either side, while the 
head remmns fixed, wo shall rctidily judge of the 
change of their direction by the greater or \em 
quantity of white on each side of the iris. This 
test, however, accurate as it is, enables us only to 
estimate the extent to which the eyes deviate in 
direction from the direction of the face to which 
they belong. Hut tlioir direction In reference to 
the person who vIowh them is entin;ly a diflerent 
matter ; and Dr. Wollaston is of opinion, that we 
are not guirled by the eyes alone, but are uncon- 
sciously aided by the concurrent position of the en- 
tire face. 

If a skilful painter draws a pair of eyes with 
great corrcctm^ss directed to tlie spectator, and de- 
viating fnun the general position of the face n 
much as is usual in good pfjrt raits, it is very diffi- 
cult to (Irtrrniine their direction, and they will ap- 
Esar to have different directions to difrt*rcnt prrHom. 
ul, what is very curious, Dr. WolhiHton haH shown 
that the same pair of eyes may l)e made to dirrct 
themselves either to or from the spectator by the 
addition of other featurfs in which the position of 
the face is changed. Thus, in Fig. 35, the pair of 
eyes arc looking inteutly at the spi^'ctator, and the 
fuce baa a correspoDidaiMi ^<5c\A»\i\ W\ whtm wi 
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cover up the face in Fig. SS with the face in Fif, 
SB, which looks to the rijcht, the eyes change their 
direction, and look to the right also. In like manner, 




rBiii-... otherlfrhtor 

leftof thespectnloriiiii, . look directly 

at him by adding suitiibic (t-atures. 

The nose is obviously tlic principal fualtire which 
produces this change of direction, aa it is more suti- 
ject to change of perspective than any of the other 
features ; bnt Dr. WoUaston hiis sliown, by a very 
accurate experiment, thiit even a small portion of 
the nose introduced with the features will carry 
the eyes aloug with It. Ho obtained four exact 
copies of the same pair of eyes looking at the spec- 
tator, by transferring them npon copper from a steel 
plate,*nd having added to eacli of tivo piiir of them 
a nose in one case directed to the riglit, aiiil in the 
Other, to the left, and to each of the other two pairs 
ft very small portion of the upper gait, il \\isi '&!;)%%, 
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all the four pair o( eyes lost their front direction, and 

Stoked to tlie right or to the led, accOTdin^ to Um 
irection of the nose, or of the portion of it which 
was added. 

But the effect thus produced is not limited, ai 
Dr. WoIIaston remarks, to the mere change in the 
direction of the eyes ; " for a total difference of 
character may be given to the same eyes by a due 
representation of the other features. A lost look of 
devout abstraction in an uplifted countenance may 
be exchanged for an appearanbe of inquisitive arclH 
ness in the leer of ayounger face turned downward! 
and obliquely towards the opposite side," as in Fig. 
87, S8. This, howiever, is perhans not an exact ei^ 

Fig. 27. 
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pression of the fact. The new character which is 
said to be given to the eyes is given only to the eyes 
in combination with the new features, or, what is 
probably more correct, the inquisitive archness is in 
the other features, and the eye does not belie it. 

Dr. Wollaston has not noticed the converse of 
these illusions, in which a change of direction is 
given to fixed features by a change in the direction 
of the cye^ This effect is finely seen in some magic- 
lantern sliders, where a pair of eyes is made to move 
in the head of a figure which invariably follows the 
motion of the eyeballs. 

Having thus determined the influence which the 
general perspective of the face has upon the appa- 
rent direction of the eyes in a portrait. Dr. Wollaston 
applies it to the explanation of the well-known fact, 
that when the eyes of a portrait look at a spectator 
in front of it they will follow him, and appear to look 
at him in every other direction. This curious fact, 
which has received less consideration than it merits, 
has been often skilfully employed by the novelist, 
in alarming the fears or exciting the courage of his 
hero. On returning to the hSl of his ancestors, 
his attention is powerfully fixed on the giim por- 
traits which surround him. The parts which they 
have respectively performed in the family history 
rise to his mind : his own actions, whether good or 
evil, are called up in contrast, and as the preserver 
or the destroyer of his line, he stands, as it were, in 
judgment before them. His imagination, thus ex- 
cit^ by conflicting feelings, transfers a sort of vital- 
ity to the canvass, and if the personages do not " start 
from their frames," they will at least bend upon him 
their frowns or their approbation. It is in vain that 
he tries to evade their scrutiny. Wherever he goes 
their eyes eagerly pursue him; — they will seem 
even to look at him o\'er their shoulders, and he 
will find it impossible to shun their gaze but by quit* 
ting the apartment. 
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As the spertator in this case change his positioB 
in a horizontal plane, tne cfTect which we have de- 
scribed is accompanied by an apparent diminution 
in the breadth of the human face, from only seven 
or eight inches tiU it disappears at a great obli- 
quity. In moving, therefore, from a front view to 
the most oblique view of Die face, the change in its 
apparent breadth is so slow that the apparent motion 
of the head of the figure is scarcely reo^gnised it 
it follows the spectator. But if the perspective 
figure has a great breadth in a horizontal plane, 
such as a sol£er firing his musket, an artilleryman 
his piece of ordnance, a bowman drawing his bow, 
or a lancer pushing his spear, the apparent breadth 
of the figure will vary from five to six feet or up- 
wards till it disappears, and therefore the change of 
apparent magnitude is sufficiently rapid to give the 
figure the dreaded appearance of turning round, and 
following the spectator. One of the best examplei 
of this must have been often observed in the fore- 
shortened figure of a dead body lying horizontally, 
which has the appearance of foUowing the observer 
with great rapidity, and turning round upon the heid 
as the centre of motion. 

The cause of this phenomenon is easily explaiDed 
Let us suppose a portrait with its face and its eyei 
directed straight in front, so as to look at the spec- 
tator. Let a straight line be drawn through the tip 
of the nose and half-way between the eyes, whicn 
we shall call the middle line. On each side of thif 
middle line there will be the same breadth of head, 
of cheek, of chin, and of neck, and each iris will be 
in the middle of the whole of the eye. If we ncnr 
go to one side, the apparent horizontal breadth of 
every part of the head and face will be diminished, 
but the parts on each side of the middle line will be 
diminished equally; and at any position, however 
oblique, there will be the same breadth of face ob 
each aide o( the middie ^ine^^sidL Uuk ins will be is 
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pression of the fact. The new character which is 
said to be given to the eyes is given only to the eyes 
in combination with the new features, or, what is 
probably more correct, the inquisitive archness is in 
the other features, and the eye does not belie it. 

Dr. Wollaston has not noticed the converse of 
these illusions, in which a change of direction is 
given to fixed features by a change in the direction 
of the eyej^ This effect is finely seen in some magic- 
lantern sliders, where a pair of eyes is made to move 
in the head of a figure which invariably follows the 
motion of the eyeballs. 

Having thus determined the influence which the 
general perspective of the face has upon the appa« 
rent direction of the eyes in a portrait. Dr. Wollaston 
applies it to the explanation of the well-known fact, 
that when the eyes of a portrait look at a spectator 
in front of it they will follow him, and appear to look 
at him in every other direction. This curious fact, 
which has received less consideration than it merits, 
has been often skilfully employed by the novelist, 
in alarming the fears or exciting the courage of his 
hero. On returning to the hsul of his ancestors, 
his attention is powerfully fixed on the grim por- 
traits which purround him. The parts i/niich they 
have respectively performed in tne family history 
rise to his mind : his own actions, whether good or 
evil, are called up in contrast, and as the preserver 
or the destroyer of his line, he stands, as it were, in 
judgment before them. His imagination, thus ex- 
cit^ by conflicting feelings, transfers a sort of vital- 
ity to the canvass, and if the personages do not " start 
iVom their frames," they will at least bend upon him 
their frowns or their approbation. It is in vain that 
he tries to evade their scrutiny. Wherever he goes 
their eyes eagerly pursue him; — they will seem 
even to look at him over their shoulders, and he 
will find it impossible to shun their gaze but by quiU 
ting the apartment. 
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stern and side of a ship in the stocks, and, owing 
to the flatness of the board and the brightness of the 
lines, the gpradual development of the figure from 
the most violent foreshortening at great obliquities 
till it attained its perfect form was an effect which 
surprised every person that saw it. 

The only other optical illusion which our limits 
will permit us to explain is the very remarkable 
experiment of what may be truly called hreathinf 
light or darkness. Let S be a candle where light 
fiSls at an angle of 56° 45' upon two glass nlates 
A, B, placed close to each other, and let the reflected 
rays AC, BD, fall at the same angle upon two sim- 
ilar plates C, D, but so placed that the plane of i»- 
flection from the latter is at right angles to the piaae 
of reflection from the former. An eye placed it & 

jPf^. 29. 




and looking at the same time into the two plates 
C and D, will see very faint images of the candle 
8, which by a slight sidjustnient of the plates may 
be made to disappear almost wholly. Allowing the 
plate C to remain as it is, change the position of D 
till its inclination to the ray BD is diminished about 
3i°, or made nearly 53° 11'. When this is done, 
the image that had disappeared on looking into D 
will be restored so that the spectator at K, upon 
looking into the two mirrors C, D, will see no ligbt 
in C, because the candle has nearly disappeared, 
while the candle is dislincUy seen in D. If; while 
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3 spectator is looking into these two mirrors, 
her he or another person breathes upon them 
ntly and quickly, the breath will revive the extin- 
ished image in C, and will extinguish the visible 
age in D. The following is the cause of this sin- 
lar result. The light AC, BD, is polarized by re- 
ction from the plates A, B, because it is incident 
the polarizing angle of 56° 45' for glass. When 
i breathe upon the plates C, D, we form upon their 
rface a thin film of water, whose polarizing angle 
63® ir, so that if the polarized ravs AC, BD, 
I upon the plates C, D, at an angle of 53° IT, the 
idle from which they proceeded would not be vis- 
j9, or they would not suffer reflection from the 
ites C, D. At all other angles the light would be 
lected and the candles visible. Now the plate D 
Diaced at an angle of 53° IT, and C at an angle of 
' 46', 80 that when a film of water is breathed 
on them the light will be reflected from the latter, 
d none from the former : that is, the act of breath- 
; upon the plates will restore the invisible and 
tingiiiah the visible image. 
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LV/n'KH VI. 

N«l«irii PltefKffiiMii iri«rk«^ «iiri itir M»rv«^lf'iiift-fftjerf r« uf the Bmrha 
4«MA-nUi4- A>i«l«i|r4/ua i*tifWHU»^iim A*-iiii. ^;<»«-<rt'« «fwfi in CJuiitteh 
iiut4 -¥•** Morgiutz m <i»«; ^t/■•u •/# M<»«.ii» -<li«ir«:i« ii««.iiw im 
IliiriMW miMirfMid irwgriiAMi iiy HrirMoniti - Miiij(ulir Kjmniplr Mrn ii 
||4aiiiif« ^ihtvmr (;Mlle a^^ii iiirg'*4(ri ih** llui '*» wliiuli ii mwkIi - 
lir«i'l«JHl ifiVtirted |iit*|rMii«l ilirum >iu-\m iK-fM m iiii- Air ■ <*iiiul4f PlW' 
iHHHttfisMMii lit llM Ari'On UttKifMia K:i'i»«ii'ril Oimc Mr. Huurviiiy 
rB«>4(<ilMM iJla I'Mtirr'* hlilfi Iff lIvMi'flitl ItliHKf 'Illl9li;r« vT f.'uwaaRit 
III the Air |iiv«ruKl Iiimk*-* nl H>ir*fi 4i m m hiiiiili AiiM-rira - l^ucffll 
iumgam |ir«iilii'-iiil Uf KfrrMi'iioit Ai'ri^l n|Mi:Ur« by iU:d««:tlMi«'£aplUI 
lUiu iH ilut {iriMMwUiig I'lieituiiti-fiA. 

Am'inu tlin woiiditrH of llui natural world which 
arti t^vcsry diiy )irt^H<'iiiiMl to iih, without cither ei- 
c'itiiif^ our mirnrihf, or attraf-iiii(( our notice, nemo 
urc. i)( Tiinioiially ilihplayiMl which |K)Niif!H8 all the 
rhurai-ti-rrt ol' hiiiicriiat iiral phtMiomotia. In the iiampfi 
hy whii'h Wwy arn t'aiiiiharly known, we reco;{i"'*^ 
thii trrnir whu'h they innpiri'il. niidt'Vi'n now, wh<*n 
Hi'irni-11 huH rtiiliirtMi thi'ni to thn htvc! of natural 
ihiMitinirna, ami (Ifwrhipcil the caUNi*H from whicli 
hey aiiHi', thry hIiII ri'taiii thfir primitive import- 
ttiM'ti, ami arn watrhnl hy thr phihmopher with a* 
inttiiimi an nitrrrHt hh whiMi tliry with drcnuHl the 
innntMliatti i^itVctN of diviiit* power. Amon(( tliojie 
ptirnomrtm wti nniy rnumi'ratc tho S/^rtfrr of tne 
llnnUn, Mill h\iht Sfor^tuM (»f tti*i St rait m of Medina, 
Iho Sftrtiiif <VAi;ur wtiicti appi'ar in X\w air, uiid the 
otlit^r r\traiinlniary fllWtiH t»f tho Mmn^r.^ 

Ttin Uruckrn in thn nanio of the loftiest of the 

*lii ilt« M«iiai>Ml, «•>■ lUitiii HiiiiiMia, thn hhmoiiMiiiaii of dwMW 

r«v« u i-Atlwl Ml gu hi. knu, •' llural iir ilrairvul ilii« Mitoio|w,* iio4mM 

Im0«um Him MillitMl Alt (jf II. I"!!!!!]!*! I Inl bv IhiM, TVm-^hu, appn^ffci* 

iliiMi- Utiiiwii (ilaiiia i%ii»i«, ifitui iiM viAh'I imT uiiri|u«l rvlhu'iion, hu ihuill 

km jwfi-MirMi iImuui1u1«uu|mu(Im:« \>f ib« •iTHin r ii r Miia f V bliilW . 
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Hartz Mountains, a picturesque range which lies 
in the kingdom of Hanover. It is elevated 3300 
feet above the sea, and commands the view of a 
plain seventy leagues in extent, occupying nearly 
the 200th part of the whole of Europe, and ani- 
mated with a population of above five millions of 
inhabitants. From the earliest periods of authen- 
tic history, the Brocken has been the seat of the 
marvellous. On its summits are still seen huge 
blocks of granite, called the Sorcerer's Chair and 
the Altar. A spring of pure water is known by the 
name of the Magic Fountain, and the anemone of 
the Brocken is distinguished by the title of the 
Sorcerer's Flower. These names are supposed to 
have originated in the rites of the great idol Cor- 
tho, whom the Saxons worshipped in secret on the 
summit of the Brocken, when Christianity was ex- 
tending her benignant sway over the subjacent plains. 
As the locality of these idolatrous rites, the 
Brocken must have been much frequented, and we 
can scarcely doubt that the spectre which now so 
often haunts it at sunrise must have been observed 
firom the earliest times ; but it is nowhere mentioned 
that this phenomenon was in any way associated 
with the objects of their idolatrous worship. One 
of the best accounts of the spectre of the Brocken 
is that which is given by M. Haue, who saw it on 
the 23d of May, 1 797. After having been on the sum- 
mit of the mountain no less than tlurty times, he had 
at last the good fortune of witnessing the object of 
his curiosity. The sun rose about four o'clock in 
the morning through a serene atmosphere. In the 
south-west, towards Achtermannshohe, a brisk west 
wind carried before it the transparent vapours, which 
had not yet been condensed into thick heavy clouds. 
About a quarter past four he went towards the inn, 
and looked round to see whether the atmosphere 
would afford him a free prospect towards the south- 
west, when he observed at a very fp^^X ^^\»&s;^^ 
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towards Achtermannshohe, a human fienre ofa mo* 
strous size. His hat, having been almost carried 



ioasal figure did the same. Me immediately mada an- 
other movenient by bending- his body, — an actiOD 
which was repeated by the Bpectral figure. M. 
Haue was desirous of making further experimenlt, 
but the figure disappeared. He remained, however, 
in the same position, expectingits return, and ia a few 
minutes it again made ita appearance on the Acb- 
teriuannshohe, when it mimicked his gestures aa 
before. He then called the landlord of the inn, 
and having both taken the same position which hs 
had before, they looked towards the Achternuun- 
shohe but saw nothing. In a very short Bpace of 
time, however, two colossal figures were formed 
over the above eminr-nce ; and after beading their 
bodies and imitating the gestures of the two apee- 
tators, they disappeared. Retaining their posittM 
Fig. 30. 




and Iceeping their e^es still fixed upon tho aaiM 
spot, the two gigantic spectres again stood befon 
them, aJiJ teert joined by a Mri. Bvorrn 
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that they made was imitated by the three fignres, 
bnt the effect varied in its intensity, being sometimes 
weak and faint, and at other times strong and well 
defined. 

In the year 1798 M. Jordan saw the same phe- 
nomenon at sunrise, and under similar circum- 
stances, but with less distinctness, and without any 
duplication of the figures.* 

Phenomena perfectly ;malogous to the preceding, 
though seen under less imposing circumstances, 
have been often witnessed. When the* spectator 
sees his own shadow opposite to the sun upon a mass 
of thin fleecy vapour passing near him, it not only 
imitates all his movements, but its head is distinctly 
encircled with a halo of light. The aerial figure is 
often not larger than life, its size and its apparent 
distance depending, as we shall afterward see, upon 
particular causes. I have often seen a similar 
shadow when bathing in a bright summer's day in 
an extensive pool of deep water. When the fine 
mud deposited at the bottom of the pool is disturbed 
by the feet of the bather, so as to be disseminated 
through the mass of water in the direction of his 
shadow, his shadow is no longer a shapeless mass 
formed upon the bottom, but is a regular figure formed 
upon the floating particles of mud, and having the 
head surrounded with a halo, not only luminous, but 
eonsisting of distinct radiations. 

One of the most interesting accounts of aerial 
spectres with which we are acauainted has been 
men by Mr. James Clarke, in his Survey of the 
lakes of Cumberland, and the accuracy of this ac- 
count was confirmed by the attestations of two of 
the persons by whom the phenomena were first 
seen. On a summer's evening in the year 1743, 
when Daniel Stricket, servant to John Wren of 

• See J. p. GmeUn^fl QotUngiteken JoumdL in WiM«Mka{Uti^'«53u 
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Wilton Hall, was sittinj^ at the door along with 
his master, they saw the fi^re of a man with a 
dog pursuing some horses along Souterfcll side, a 
place so extremely steep that a horse could scarcely 
travel upon it at all. The figures appeared to nm 
at an amazing pace, till they got out of sight at 
the lower end of the fell. On the following morn- 
ing Stricket and his master ascended the steep 
side of the mountain, in the full expectation of 
finding the man dead, and of picking up some of the 
shoes of the horses, which they thought must have 
been cast while galloping at such a furious rats. 
Their expectations, however, were disappoiuted. 
No traces either of man or horse could oe found, 
and they could not oven discover upon the turf the 
single mark of a liorsc's hoof. These strange a|V 
pearnnces, seen at tlie same time by two differeot 
i)erHons in perfect lu;alth, could not fail to make a 
deoj) impression on their minds. They at first con- 
cealed what they had seen, but they at length dis- 
closed it, and were laughed at for their crcduUty. 

In the following yc'ar, on the 23d June, 1744, 
Daniel Stricket, who w:ls then servant to Mr. Lan- 
caster of Hlakehills (a place near Wilton I fall, and 
both of which places are only about a half a mile 
from Sout('rf<;li) was walking, al)Out seven o'clock 
in the evenini;, a little atM)ve the house, when he 
saw a troop of horsemen riding on Souterfell side 
in pretty closti nuiks and at a brisk pace. Recol- 
lecting the ridicule that hail Im^cu cast upon him 
the pr(T.(Hiing year, he continued to observe the 
figures for some time in silence ; but b<>lng at last 
convinced thut there could be no deception in the 
matter, he went to the house and informed his 
■liiKtcr tliat he had something curious to show him. 
They accordingly went out toj^ether; but before 
8trirk('t had pointed out the place, Mr. Lancas- 
ter'8 Hon had discovered the aerial figures. The 
family waa then Hummoued \o \^<^ v^V ^a^ Ui* 
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phenomena were seen slike ^ 'rm ^ Tsb 
Irian fieures seemed » :c5» fnm "iif* ji'r>-K 
parts of SooterfelL asd ':«ecz2k t:^':!^ s t tla:* 
called Knott. T;:ey :i/5!i^c"]iZK«^ n r^^iiar •nri* 
alone the side of ;he 5t-. til "iffj sum* :ccr.«r** 
to BUkehiUs, whe^ -ijeT v»!r: ^t»^ -nn ninmciin- 
after describing^ a tzil :■: nrrljiiWL we T:« 
pace at which the trirr* 3i*T^»-r wis i -^«n.-r 
swift walk, and :h*:T or^-ni; jt*i -: i* w^rt ii*- in- 
wards of two bocr?.*!.* ircr::ir.^ :«:" artiiwi aoivut 
preventing them fr: = z^-jlx T^ihi^ ICext- ■rvroi 
were seen in sccce*.^::^: izii f»CTRiri7 "21* iaac 
hut one in a troc'p c::ir:==i i:.* ii;»sc£i:»L. riij-wi ii 
the front, and took iz :i-* si^ :*:* wii "iift r**: 
The changes in the lr::r»r? -^^r* '«<k. --niaii^ t^ al 
the spectators. sr.i ti-r "^--"^ :c tif^n wiss linr: V.n- 

fined to the farm c: Bldt^i :* injr -xz "tirrr ▼»-• 

seen by erery p-^rs:- *: *t^-t tr:frj4«» wriia -art 
distance of a'mile. tit l::^:i:»t.- :-' -*r»r.fia wi#; vt^ 
them amomitinz to iror: t-s-»fLrT-*ii Tut Kri-nfr..^ 
tion of these (acts, sizz^i ty L;s£i:r«i«itr sen ••"■aa.*'. 
bears the date of the 2I«c - .> :^r.; 

These ertraopiiLarr Ki--*> vr-* r»-.»"»»-: iirc 
only \*ith district bet wi:th =::•>■. -j-t iir.->s^:_r^ 
They were not even ho!:--'!?^: -»■-". i ;iar.* n -.m 
records of natural phr:nocj*ca- \zr. '.'jt i*iij.«y.*:rj— i 
of the day were r-eithrr ii. yj^fs^^-r, -y icsj.-r'.'y* 
facts, nor were they a<x::air>^i wr.: ••.r.** :r::i".: .-^ 
of atmospherical ri::rv:t:oi-TCc»i:r.i -:i-t x..--^:. 
The strange pheaomerja. Lu»*fL -i^T •..:* /t.s .^ '- 
fi-arvi, or the Castle, m if : v /"c^tt Jf i^ymi. v^.: .--t 
long before obs^rveL «^ iac 't*ws' *>r5«. - ^: -.7 
Kircher in the ITth ce L t .j. 'tn: "riit-; :-^^— .-^ 
nothing so mysterioTis as :tit Vsr-al rz-A-xf-^-. :' V.o- 
terfell ; and the gentril ciarKVrt ".t' •«>: ■ » ■- -,0^ 
nomena were so uniJte tea: *-T*ti ^ -,'*... '.'^r.rrKr 
might have been excused fcr larr-'.ci^ \'.^. v. /. -li, 
ferent causes. 

T\3Ja mngahir exidbckm, 
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in the Straits of Messina, between Sicily and the 
coast of Italy ; and whenever it takes place the peo- 
ple in a state of exultation, as if it were not oidy a 
pleasing but a lucky phenomenon, hurry down to the 
sea, exclaiming Morgana, Morgana, When the rays 
of the rising sun form an angle of 45® on the sea of 
Reggio, and when the surface of the water is per« 
fectiy unruffled either by the wind or the current, a 
spectator placed upon an eminence in the city, and 
having his back to the sun and his face to the sea, 
observes upon the surface of the water superb 
palaces with their balconies and windows, lofty 
towers, herds and flocks grazing in wooded valleys 
and fertile plains, armies of men on horseback and 
on foot, with multiplied fragments of buildings, such 
as columns, pilasters, and arches. These objects 
pass rapidly in succession along the surface of the 
sea during the brief period of their appearance. The 
various objects thus enumerated are pictures of 
palaces and buildings actually existing on shore, and 
the living objects are of course only seen when they 
happen to form a part of the general landscape. 

Ir at the time that these phenomena are visible 
the atmosphere is charged with vapour or dense ex- 
halations, the same objects which are depicted upon 
the sea will be seen also in the air, occupying a 
space which extends from the surface to the heigfat 
of twenty-five feet. These images, however, are 
less distinctly delineated than the former. 

If the air is in such a state as to deposite dew, and 
is capable of forming the rainbow, the objects will 
be seen only on the surface of the sea, but they all 
appear fringed with red, yellow, and blue light, as if 
they were seen through a prism. 

In our own country, and in our own times, facta 

still more extraordinary have been witnessed. From 

Hastings, on the coast of Sussex, the cliffs on the 

Prejjch coast are fifty miles distant, and they are 

iur/z/aZifj^W by the convexity otthibeuth; thatiiia 
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Btraigfht line drawn from Hastings to the French coast 
would pass* through the sea. On Wednesday the 
26th July, 1798, about five o'clock in the afternoon, 
Mr. Latham, a Fellow of the RoyaJ Society, then 
residing at Hastings, was surprised to see a crowd 
of people running to the seaside. Upon inquiry 
Into the cause of this, he learned that the coast of 
France could be seen by the naked eye, and he im- 
mediately went down to witness so smgular a sight. 
He distinctly saw the cliffs extending for some 
leases along the French coast, and they appeared 
as if they were only a few miles off. They gradu- 
ally appeared more and more elevated, and seemed 
to approach nearer to the eye. The sailors with 
whom Mr. Latham walked along the water's edge 
were at first unwilling to believe in the reality of 
the appearance, but they soon became so thoroughly 
convinced of it that they pointed out and named to 
him the different places which they had been accus- 
tomed to visit, and which they conceived to be as 
near as if they were sailing at a small distance into 
the harbour. These appearances continued for 
nearly an hour, the cliffs sometimes appearing 
brighter and nearer, and at other times fainter and 
more remote. Mr. Latham then went upon the 
eastern cliff or hill, which is of considerable height, 
when, as he remarks, a most beautiful scene pre- 
sented itself to. his view. He beheld at once Dun- 
ffeness, Dover Cliffs, and the French coast all along 
Rom Calais, Boulogne, &c. to St. Yallery, and, as 
aome of the fishermen affirmed, as far west as 
Dieppe. 4hVith the help of a telescope, the French 
fishing-boats were plainly seen at anchor, and the 
different colours of the land upon the heights, 
together with the buildings, were perfectly discerni- 
ble. Mr. Latham hkewise states that the cape of 
land called Dungeness, which extends nearly two 
miles into the sea, and is about sixteen miles in a 
straight line from Hastings, apyeaxed ^& \1 ^3^^ 
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close to it, and the vessels and fishing-boats wUdl 
wei« sailing between the two places appeand 1 
equdly near, and were magnified to a high dense. ' 
These curious phenomena continued " in the hichnt 
splendour" till past eight o'clock, although a black 
cloud liad for some time totally obscured the face of 
the sun. 

A phenomenon no less marvellous was seen bf 
Professor Vince of Cambridge and another gentle- 
man on the 6th August, 1806, at Ramagate. Ths 
Bumiaits mazy of the four turrets of Dover Cattls 




are usually seen over the hill AB, upon which it 
stands, lying between Ramsgate and Dover ; but od 
the day above mentioned, at seven o'clock in ths 
evening, when the air was very stiU and a littla 
hazy, not only wtre the tops rmiy of the four 
towers of Dover Castle seen over the adjacent biD 
AB, but the tcHale of the eastle mnrs appeared at if il 
were ntuated <m the side of the hill next RtJkea'.e, ud 
rising above the hill as much as usual. Tliis phe- 
nomenon was HO very singular and unexpected thai 
at fint ai^ht Dr. Vince thought it an illusion; but 
upon continuing his observations, he became latiB- 
fied that it was a real image of the castle. Upoa 
this he gave a telescope to a person present, who^ 
upoa attentive exanuD&tioii, Ba.w alio a very da* 
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image of the castle, as the doctor had described it. 
He continued to observe it for about twenty mmutes, 
during which time the appearance remained pre- 
cisely the same ; but rain coming on, lh«^y weje ore- 
vented from making any further observations. Be- 
tween the observers and the land from wnich the 
hill rises, there was about six miles of sea, and from 
thence to the top of the hill there was about the 
same distance. Their own height above the sur- 
face of the water was about seventy feet. 

This illusion derived great force from the remark- 
able circumstance that the hill itself did not appear 
through the image, as it might have been expected 
to do. The image of the castle was very strong 
and well defined, and though the rays from the hiU 
behind it must undoubtedly have come to the eye, 
yet the strength of the image of the castle so far 
obscured the background that it made no sensible 
impression on the observers. Their attention was, 
of course, principally directed to the image of the 
castle ; but if the hiU behind had been at all visible, 
Dr. Vinco conceives that it could not have escaped 
their observation, as they continued to look at it 
for a considerable time with a good telescope. 

Hitherto our aerial visions have been seen only 
in their erect and natural positions, either projected 
against the ground or elevated in the air ; but cases 
have occurred in which both erect and inverted 
images of objects have been seen in the air, some- 
times singly, sometimes combined, sometimes when 
the real object was invisible, and sometimes when a 
part of it bad begun to show itself to the spectator 

In the year 1793, Mr. Huddart, when residing at 
AUonby, in Cumberland, perceived the inverted 
image of a ship beneatji the image, as shown in Fi^. 
S2; but Dr. Vince, who afterward observed this 

eenomenon under a greater variety of forms, found 
it the ship which was here considered \>^e x^^ 
was only an erect image of the Te^ «^P)Nii\^^ 
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was Bt the time beneath the horizon, md vh 
fisible. 

Fig. 3a. 
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In August, 1798, Dr. Vince observed a grrcat va- 
riety of these aerial images of vessels approaching 
the horizon. Sometimes there was seen only one 
inverted image above the real ship, and this was 
generally the case when the real ship was full in 
view. But when the real ship was just beginning 
to show its top-mast above the * horizon, as at A, 
Fi^. 33, two aerial images of it were seen, one at 
B inverted, and the other in its natural position at 
C. In this case the sea was distinctly visible be- 
tween the erect and inverted images, but in other 
cases the hull of the one image was immediately 
in contact with the hull of the other. 

Analogous phenomena were seen by Captain 
Scoresby when navigating with the ship Baffin the 
icy sea in the immediate neighbourhood of West 
Greenland. Ou the 28th of June, 1820, he observed 
about eighteen sail of ships at the distance of ten 
or fifteen miles. The sun had shone during the day 
without the interposition of a cloud, and his rays 
were peculiarly powerful. The intensity of its li^ht 
occasioned a painful sensation in the eyes, while its 
heat softened the tar in tht rigging of the ship, and 
melted the snow on the smrounding ice with such 
rapidit}' that pools of fresh water were formed on 
almost ever^ place, and thousands of rills carried 
the excess into the sea. There was scarcely a 
breath of wind : the sea was as smooth as a mirror. 
The surrounding ice was crowded together, and ex- 
lubited every variety, from the smSlest lumps to 
the most magnificent sheets. Bears traversed the 
fields and floes in unusual numbers, and many 
whales sported in the recesses and openings among 
the drift ice. About six in the evening, a light 
breeze at N.W. having sprung up, a thin stratus or 
" fog bank," at first considerably illuminated by the 
son, appeared in the same quarter, and gradually rose 
to the altitude of about a quarter of a degree. At 
this time most of the ships navigating aX X\v<^ ^^\»&s:^ 

M 
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of ten or fifteen miles began to change their form aM 
magnitude, and when examined by a telescope from 
the mast-head exhibited some extraordinary appear- 
ances, which differed at ahnqst every point or the 
compass. One ship had a perfect image, as dark 
and distinct as the original, united to its mast-head 
in a reverse position. Two others presented two 
distinct inverted images in the air, one of them a 
perfect figure of the original, and the other wanting 
the hull. Two or three more were strangely dis- 
torted, their masts appearing of at least twice their 
proper height, the top-gallant-mast forming one half 
of the tot^ elevation, and other vessels exhibited an 
appearance totally different from all the preceding, 
bemg, as it were, compressed in place of elongated. 
Their masts seemed to be scarcely one-half of their 

E roper altitude, in consequence of which one woukl 
ave supposed that they Avere greatly heeled to one 
side, or in the position called careening. Along with 
all the images of the ships a reflection of the ice, 
sometimes in two strata, also appeared in the air, 
and these reflections suggested the idea of cliffs com- 
posed of vertical columns of alabaster. 

On the I5th, IGth, and 17th of the same month, 
Mr. iScorosby observed similar phenomena, some- 
times ext<Muiing continuously through half the cir- 
cumfert'nc(> of the horizon, and at otlier times ap- 
pearin? only in detached spots in various quarters. 
The inv«'rted images of distant vessels were often 
seen in the air, while the ships themselves tcerejarbf- 
yond the rrach of vision. Some ships were elevated 
to twice their proper height, while others were com- 
pressed almost to a line. Hummocks of ice were 
surprisingly enlarged, and every prominent object in 
a proper position was either magnified or distorted. 
But of all the phenomena witnessed by Mr. 
Scoresby, that of the Enchanted Coasts as it may 
be called, must have been the most remariuUe. 
This singular effect WAS ««eiioii\Yifc l%tKJuly, whei 
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the »ky was dear, and a tremulous and perfectly 
transparent vapour was particularly sensible and 
profusR : — At nine o'clock m the morning, when the 
plienomenon was first seen, the thermometer stood 
at 43° Fahr. ; but in thi; preceding evening it must have 
been greatly lower, as the sea was in many places 
covered witn a considerable pellicle of new ice, — a 
circumstance which in the very warmest time of the 
year must be considered as quite extraordinary, es- 
pecially when it ie known that 10° farther to the north 
no freezing of the aea at this season had ever before 
been observed. Having- approached on this occasion 
so near the unexplored shore of Greenland that the 
land appeared distinct and bold, Mr. Scoresby was 
■auous to obtain adrawing of it, but on making the 
sttempt he found that the outline was constantly 
changing, and he waa inlnced to examine the coait 
with a telescope and to sketch the various appear 
ancea which presented themselves These are 
shown, without any regard to their proper order in 
Tig. 34, which we shall describe in Mr Scoresby a 

Fg 34 
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abounding with the ruins of castles, obeliskSi 
churches; and monuments, with other large and cnk- 
spicuous buildings. Some of the hills seemed to be 
surmounted by turrets, battlements, spires, and pin- 
nacles ; while others, subjected to one or two re- 
flections, exhibited large masses of rock, apparently 
suspended in the air, at a considerable elevation 
above the actual termination of the mountains to 
which they referred. The whole exhibition was a 
grand phantasmagoria. Scarcely was any particular 
portion sketched before it changed its appearance, 
and assumed the form of an object totally different. 
It was perhaps alternately a castle, a cathedral, or 
an obehsk; then expanding horizontally, and coa- 
lescing with the adjoining hills, united the interme- 
diate valleys, though sonic miles in width, by abridge 
of a single arch, of the most magnificent appear- 
ance and extent. Notwitlistanding these repeated 
changes, the various figures represented in the draw- 
ing had all the distinctness of^ reality ; and not only 
the different strata, but also the veins of the rocks, 
with the wreaths of snow occupying ravines and fis- 
sures, formed sharp and distinct lines, and exhibited 
every appearance of the most perfect solidity." 

One of the most remarkable facts respecting aerial 
images presented itself to Mr. Scoresby in a later 
voyage, which he performed to the coast of Green- 
land m 1822. Having seen an inverted image of a 
ship in the air, he directed to it his telescope ; he was 
able to discover it to be his frither's ship, which was 
at the time below the horizon. " It wa.s,^* says he, 
" so well defined, that I could distinguish by a tele- 
scope every sail, the general rig of the ship, and its 
particular character; insomuch that I confidently 
pronounced it to be my fathef s ship, the Famct which 
It afterward proved to be ; though, on comparing 
notes with my father, I found that our relative po- 
sition, at the time, gave a distance from one aiiotner 
of very nearly 30 miles, bemi^ ?^>aX w^^tiStften iiiik>s 
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beyond the horizon, and some leagues beyond the 
limit of direct vision. I was so struck with the 
peculiarity of the circumstance, that I mentioned 
it to the officer of the watch, stating my full con- 
viction that the Fame was then cruising in the 
neighbouring inlet." 

Several curious effects of the mirage were observed 
by Baron Humboldt during his travels in South 
America. When he was residing at Cumana, he fre- 
quently saw the islands of Picuita and Boracha sus- 
pended in the air, and sometimes with an inverted 
image. On one occasion he observed small fishing- 
boats swimming in the air, during more than three 
or four minutes, above the well-defined horizon of 
the sea, and when they were viewed through a tele 
scope, one of the boats had an inverted image ac- 
companying it in its movements. This distinguished 
traveller observed similar phenomena in the barren 
steppes of the Caracci s, and on the borders of the 
Onnoco, where the river is surrounded by sandy 
plains. Little hills and chains of hills appeared sus- 
pended in the air, when seen from the steppes, at 
three or four leagues' distance. Palm-trees standing 
single in the Llanos appeared to be cut off at bottom, 
as if a stratum of air separated them from the 

Sound ; and, as in the African desert, plains desti- 
te of vegetation appeared to be rivers or lakes. 
At the Mesa de Pavona M . Humboldt and M. Bon- 
pland saw cows suspended in the air at the distance 
of 1000 toises, and having their feet elevated 3' 20" 
above the soil. In this case the images were erect, 
but the travellers learned from good authority that 
inverted images of horses had been seen suspended in 
the air near Calabozo. 

In all these cases of aerial spectres the images 
were directly above the real object ; but a curious 
case was observed by MM. Jurine and Soret on 
the 17th September, 1818, where the image of the 
vessel was on one side of the real one. Ik^oviX \^\il 

Ma 
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o^clock p. M. a bark at the distance of about 4000 
toiscH from Bellerive, on the Lake of Geneva, was 
aeen approaching to Geneva by the hft bank of the 
lake, and at the name time an image of the muis 
waA obfier\'ed ab^ive the water, which instead of 
following? the direction of the bark, separatt^ from 
it and appeared to approach Geneva by the right 
bank of the lalce, the ima^e movinjB^ from east \o 
west, while the hark moved from m^th to gmttk 
When the ima^e first separated from the bark they 
had both the same ma^iitude, but the imaee dimin- 
ished as it receded from it, and was reduced to one- 
half when the phenomenon disapp<;ared. 

A very unusual example of aerial spectres oc- 
curred to Dr. A. P. i3uehan while walkini^ on the 
cliflf alKMit a mile to the east of firiorhton on the 
morninf^ of the 2Hth Novemlif;r, IHOl. "lITiib 
watchinf^ the riKinif of thr'^un/^ says he, ** I tarneil 
my e3'es oireetly towanlif the sea, just as the solar 
disk emerged from the MirfucH of the water, and saw 
the face of the cliff on which I was standing repre- 
!(ent/;d precisely opposite to me at some dibtaoce 
on the ocean. Cailiiiir the attention of my com- 
panion to this appearance, we discerned our own 
figures standiri^r on the summit of the apparent opf«o- 
site cliff, as well as the representation of the wuid- 
mill near at hand. 

"'I'he reflected images were most di.stinct pre- 
cisely op[iosite to where we strxxi, and the false cliif 
seemed to f;irle away, and to di'aw near to the real 
one, in profKirtion as it reccAtui towards the weit. 
This plienomeTion lasted about ten minutes, or tiU 
the sun ha/1 r'l'mii nearly his own diameter above 
the surface of the ocean. The whole then seemed 
to \yfi elevated into the air, and successively disaf^ 
pf'Hred, giviinr an irriprf;ssion very similar to that 
which is prodiif-ed by the drawins^ up of a drop-scene 
in the theatre. The horizon was cloudy, or per- 
h3pa it might with isx^ia v^o^miy b« said that tbi 
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mrface of the sea was covered with a dense fog of 
many yards in height, and which gradually receded 
before the rays of the sun." 

An illusion of a different kind, though not less in- 
teresting, is described by the Reverend Mr. Hughes 
in his 'firavels in Greece, as seen from the summit 
of Mount iEtna. " I must not forget to mention," 
says he, " one extraordinary phenomenon, which 
we observed, and for which 1 have searched in vain 
for a satisfactory solution. At the extremity of 
the vast shadow which ^tna projects across the 
island, appeared a perfect and distinct image of the 
mountain itself, elevated above the horizon, and 
diminished as if viewed in a concave mirror. Where 
or what the reflection could be which exhibited this 
image I cannot conceive ; we could not be mistaken 
in its appearance, for all our party observed it, and 
we had been prepared for it beforehand by our Cata- 
nian friends. It remained visible about ten minutes, 
and disappeared as the shadow decreased. Mr. Jones 
observed the same phenomenon, as well as some 
other friends with whom I conversed upon the sub- 
ject in England." 

It is impossible to study the preceding phenom- 
ena without being impressed with the conviction, 
that nature is full of the mar\'ellous, and that the 
progress of science and the diffusion of knowledge 
are alone capable of dispelling the fears which her 
wonders must necessarily excite even in enlightened 
minds. When a spectre haunts the couch of the 
sick, or follows the susceptible vision of the in- 
valid, a consciousness of indisposition divests the ap- 
parition of much of its terror, while its invisibility 
to surrounding friends soon stamps it with the im- 
press of a false perception. The spectres of the 
conjurer too, however skilfully they may be raised, 
quickly lose their supernatural character, and even 
tne most ignorant beholder regards the modern ma- 
gician as but an ordinary man, who botioiv^^ i\^\sw 
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the sciences the best workinj^ implements t 
art. But when, in the midst of solitude, a 
situations where the mind is undisturbed b; 
lunary cares, we see our own image delinea 
the air, and mimicking in gigantic perspecti^ 
tiny movements of humanity ; — when we see 1 
in military array performing their evolutions < 
very face of an almost inaccessible precipi 
when in the eye of day a mountain seems 1 
come transparent, and exhibits on one side c 
castle which we know to exist only on the otli 
when distant objects concealed by the roundnt 
the earth, and beyond the cognizance of the 
scope, are actually transferred over the interv 
convexity, and presented in its distinct and mag 
outline to our accurate examination ; — when 
varied and striking phantasms are seen also 
around us, and therefore appear in the characi 
real phenomena of nature, our impressions ( 
pernatural agency can only be removed by a di 
and satisfactory knowledge of the causes which 
them birth. 

It is only williin tlie bust forty years that sc 
has brouglit these atmospherical spectres withi 
circle of her dominion ; and not only are all 
phenomena susceptible of distinct explanatioi 
we can even reproduce them on a small scale 
the simplest elements of our optical apparatus. 

In order to convey a general idea of the c 
of these plKuiomona, let ABCD, Fig. 35, be a 
trough filled with water, and let a small sh 
placed at S. An eye situated about E will se 
top-mast of the ship S, directly through the 
of glass BD. Fix a convex lens a of short : 
upon the plate of glass BI), and a little abo 
straight line SK joining the ship and the eye 
immediately above the convex lens a place a 
cave one b. The eye will now see througl 
convex lens a an inverted image of the Bhip i 
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■nd through the concave lens h an erect image of 
the ship at S", representing in a general way the 
phenomena shown in Fig. 33. But it will be asked, 

Fig. 36. 




where are the lenses in nature to produce these ef- 
fects t This question is easily answered. If we 
take a tin tube with glass plates at each end, and 
fin it with water, and if we cool it on the outside 
with ice, it will act Uke a concave lens when the 
cooling effect has reached the axis ; and, on the other 
hand, if we heat the same tube filled with water, 
on the outside, it will act as a convex glass. In the 
first case the density of the water diminishes towaids 
the centre, and in the second it increases towards 
the centre. The very same effects are produced in 
the air, only a greater tract of air is necessary for 
showing the effect produced, by heating and cooling 
it unequally. If we now remove the lenses a, h, and 
hold a heated iron horizontally above the water in 
the trough ABO, the heat will gradually descend^ 
expanding or rendering rarer the upper portions of 
the fluid. If, when the heat has reached within a 
little of the bottom, we look through the trough at 
the ship S in the direction of ES', we shall see an 
inverted image at S', and an erect one at S", and if 
VIS hide from the eye at £ all the ship ^ ex^ce^Xhs^ 
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the top-mast, we nhall have an exact rep 
of the phenomenon in Fi^. 33. The 
Mrill succeed l)etter with oil in place of 
tlie same roHult may ho obtained witho 
' pourini;^ clear R^'riip into the ^lass trou 

nearly one-third full, and then filling it up 
The water will f^aduaily incorporate witl 
and produce, as J)r. WoUaston has showi 
(gradation of dcnHity, diminishing from thai 
syrup to that of the pure water. Similar 
be ODtained by using masi^s of tnuispiu 
such as glass, rock salt, &c. 
Now it is easy to conceive how the 
1 density whicli we can thus produce artifi 

j be produced in nature. If in serene w 

surface of the sea is much colder than t)i 
atmosphere, as it frequently is, and sis i 
I very great degree during the piienonienr 

t by Mr. Scoresby, tlie air next the sea wil 

- bticome coldtT and colder, by giving out 

the water ; and tlie air immediately abov 
out its heat to tlie cooler air immediatel 
BO that the air from the surface of tlie se: 
siderable heiglit upwards will gradually ( 
density, and therefore must produce the 
nomena we have described. 

The phenomenon of Dover Castle se 
Ramsgatf) side of the hill was produced 
being more dense near the ground, and 
sea, than at greater heights; and hence th< 
ceeding fmm the c:istle reached the vyt 
lines, and the cause of its occrupying its i: 
sition on the hill, :md not being seen in th 
that the top of the hill its(!lf, in conse({ucj 
ing so near the castle, suffered the wur 
from the vsirying dfMisity of the air, and 
th(! ca.MtIo and the hill were e(|ually clevat* 
tained their relative positions. Therea-se 
iwago of the caallo luui IVve VvvVL^^^ced < 
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lat the rays from the top and bottom of the castle 
ad not crossed before they reached Ramsgate ; but 
B they met at Ramsgate, an eye at a greater dis- 
mce ih)m the castle, and in the path of the rays, 
rould have seen the image inverted. This will be 
Btter understood from the annexed diagram, which 
^presents the actual progress of the rays, from a 
hip SP, concealed from the observer at E by the 
onvoxily of the earth PQE. A ray proceeding 



Fig. 36. 




pom the keel of the ship P is refracted into the 
nrve line PcxcE, and a ray proceeding from the 
3p-mast S is refracted in the- direction SdxdE, 
16 two rays crossing at x, and proceeding to the 
ye E with the ray from the keel P uppermost; 
ence the ship must appear inverted as at sp. Now 
' the eye E of the observer had beon placed nearer 
16 ship, as at x, before the rays crossed, as was the 
Bse at Ramsgate, it would have seen an erect 
nage of the ship raised a little above the real ship 
IP. RayB Sm, Sn, proceeding higher iip in the 
ir, are refracted in the directions SmmE, SnnE, 
at da not cross before they reach the eye, and 
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therefore they afford the erect image of thi 
shown at s'p\ 

The aerial troopers seen at Souterfell wei 
duced by the very same process as the spec 
Dover Castle, having been brouflrht by uneqi 
fraction from one side of the hiU to the otn< 
is not our business to discover how a troop < 
diers came to be performing their evolutions 
other side of Souterfell ; hut if there was tl 
road along which they could be marching, it is 
probable that they were troops exercising 
the hills in secret previous to the breaking out 
rebellion in 1746. % 

The image of the Genevese bark wnich wa 
sailing at a distance from the real one arosi 
the same cause as the images of ships in t 
with this difference only, that in this case the 
of equal density were vertical or perpendic 
the water, whereas in the former cases the; 
horizontal or parallel to the water. The si 
the air which produced the lateral image r 
produced by a headland or island, or even 
near the surface, and covered with water, 
headlands, ishmds, or suuken rocks, being pow 
heated by the sun in the daytime, will heat 
immediately above them, -while the adjaci 
over the sea will retain its former coolne 
density. Hence there will necessarily arise 
dation of density varying in the same hor 
direction, or where the lines of equal dens 
vertical. If we suppose the ver}' same state 
air to exist in a horizontal plane which exis 
vertical plane, in Fig. 36, then the same i 
would be seen in a horizontal line, viz. an in 
one at sp^ and an erect one at sn\ In th 
of the Genevese bark the raj-s had not cross 
fore they reached the eye, and therefore the 
w;is an erect one. Had the real Geneves* 
been concealed by some pTOtaonVor] ot othei 
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Pom the observation of M.M. Jurine and Soret, 
dey might have attached a supernatural character 
3 the spectral image, especially if they had seen it 
radually decay, and finally disappear on the slill 
nd unbroken surface of the lake. No similar fact 
ad been previously observed, and there were no cir- 
omstances in the case to have excited the suspicion 
[lat it was the spectre of a real vessel produced by 
nj^ual refraction. 

The spectre of the Brocken and other phenomena 
f the same kind have essentially a different origin 
rem those which arise from unequal refraction. 
!Tiey are merely shadows of the observer projected 
n dense vapour or thin fleecy clouds, which have 
lie power of reflecting much light. They are seen 
lost frequently at sunrise, because it is at that time 
liat the vapours and clouds necessary for their pro- 
action are most likely to be generated ; and they 
em be seen only when the sun is throwing his rays 
orizontally, because the shadow of the observer 
'Oiild otherwise be thrown either up in the air, or 
own upon the ground. If there are two persons 
»oking at the phenomenon, as when M. Haue and 
le landlord saw it together, each observer will see 
is own image most distinctly, and the head will be 
lore distinct than the rest of the figure, because the 
lys of the sun will be more copiously reflected at a 
srpendicular incidence ; and as from this cause the 
jht reflected from the vapour or cloud becomes 
Linter farther from the shadow, the appearance of 
halo round the head of the observer is frequently 
[sible. M. Haue mentions the extraordinary cir- 
inistance of the two spectres of him and the land- 
ird being joined by a third figure^ but he unfortu- 
itely does not inform us which of the two figures 
as doubled, for it is impossible that a person could 
ive joined their party unobserved. It is very proba- 
.« that the new spectre forms a natural additiow lo 
le group, as we have represented it \tvT\^. ^,«sA. 

N 
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if this was the case, it could only have been pro- 
duced b}'' a duplication of one of the figures pro- 
duced by unequal refraction. 

The reflected spectre of Dr. Buchan standing npoi 
the cliflf at Brighton arose from a cause to which w6 
have not yet adverted. It was obviously no shadow, 
for it is certain from the locality that the rays of 
the sun fell upon the face of the cliff and upon his per- 
son at an angle of about 73° from the perpendicular. 
80 as to illuminate them strongly. Now there are 
two ways in which such an image ma^ have been 
reflected, namely, either from strata of air of variable 
density, or from a vertical stratum of vapour, con- 
sisting of exceedingly minute globules of water. 
Whenever light siifl'ers refraction, either in pasiiof 
at once from one medium into another, or from one 
part of the same medium into another of different 
density, a portion of it suffers reflection. If an ob- 
ject, therefore, were strongly illuminated, a siriR- 
ciently distinct image, or rather shadow of it, might 
be seen by reflection from strata of air of different 
density. As the temperature at which moisture is 
deposited in the atmosphere varies with the density 
of the air, tlien at the same temperature moisture 
might be depositing in a stratum of one density, while 
no deposition is taking place in the adjacent stratum 
of a different density. Hence there would exist, as 
it were, in the air a vertical wall or stratum of mi- 
nute globules of water, from the surface of which 
a sufliciently distinct image of a highly illuminated 
object might be reflected. That this is possible may 
be proved by breathing upon glass. If the particles 
deposited upon the glass are large, then no distinct 
reflection will take place; but if the particles be 
very small, we shall see a distinct image formed by 
the surface of the aqueous film. 

The phenomena of the Fata Morgana have been 
too imperfectly described to enable us to offer a sat- 
isfaciory explanation of them. The aerial images 
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obviously those formed by unequal refraction, 
pictures seen on the sea maybe either the aerial 
^es reflected from its surface, or from a stratum 
•fnse vapour, or they may be the direct reflections 
I the objects themselves. The coloured images, 
ascribed by Miiiasi, have never been seen in any 
)gous phenomena, and require to be better de- 
led before they can be submitted to scientific ex- 
lation. 

18 representation of ships in the air by unequal 
.ction has no doubt given rise in early times to 
5 superstitions which have prevailed m different 
tries respecting " phantom ships," as Mr. Wash- 
m Irving calls them, which always sail in the eye 
e wind, and plough their way through the smooth 
where there is not a breath of wind upon its 
uce. In his beautiful story of the storm ship, 
h makes its way up the Hudson against wind 
tide, this elegant writer has finely imbodied one 
16 most interesting superstitions of the early 
rican colonists. The Flying Dutchman had in 
robability a similar origin, and the wizard bea 
teeper of the Isle of France, who saw in the ait 
vessels bound to the island long before they ap- 
sd in the offing, must have derived his power from 
[gent observation of the phenomena of nature. 
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LETTER VII. 

niusions depending on tbe Ear— Practised by tlM Andaoti ffaniln 
and Sinr ^f Heads of the Ancients— Eihibitioo o€ Iha IdtMNsGuI 
described and explained— Illusions arising firom Ibe IMfficvlty oT^t* 
termining the Direction of Sounds— Singular Example of lbialU«M 
— Nature of Ventriloquism — Exbibitions of some of tbe moat oaMraMd 
Ventriloquists— M. St. Gille— Louis Brabanl— M. AlezaDdi«~CipL 
Lyon'a Account of Eskimaux VentriJoquiiits. 

Next to the eye the ear is the most fertile somce 
of our illusions, and the ancient magicians seem to 
have heen very successful in turning to their pur- 
poses the doctrines of sound. In the labyrinth of 
Egypt, which contained twelve palaces and 1509 
subterraneous apartments, the gods were made to 
speak in a voice of thunder ; and Pliny, in whOM 
time this singular structure existed, informs us that 
some of the palaces were so constructed that their 
doors could not be opened without permitting the 
peals of thunder from being heard in the interior. 
When Darins Hystaspes ascended the throne, and 
allowed his subjects to prostrate themselves before 
him as a god, the divinity of his character was im- 
pressed upon his worshippers by the bursts of thun- 
der and flashes of lightning which accompanied their 
devotion. History has of course not informed as 
how these effects were produced ; but it is probable 
that, in the subterraneous and vaulted apartments 
of the E^'ptian labyrinth, the reverberated sounds 
arising from the mere opening and shutting of the 
doors themselves afforded a sufficient imitation of or- 
dinary thunder. In the palace of the Persian king, 
however, a more artificial imitation is likely to have 
been employed, and it is not improbable that the 
method used in our modem theatres was known to the 
ancients. A thin sheet of uou^ three or four feet 
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lon^, such as that used for Grerman stoves, is held by 
one corner between the finger and the tliumb, and 
allowed to hang freely by its own weight. The hana 
is then moved or shaken horizontally, so as to agitato 
the corner in a direction at right angles to the surface 
of the sheet. By tliis simple process a great variety 
of sounds will be produced, varying from the deep 

growl of^distant thunder to those loud and explosive 
ursts which rattle in quick succession from clouds 
immediately over our heads. The operator soon 
acquires great power over this instrument, so as to 
be able to produce from it any intensity and char- 
acter of sound that maybe required. The same effect 
may be produced by sheets of tin-plate, and by thin 
plates 01 mica ; but on account of their small size, 
the sound is shorter and more acute. In modem ex- 
hibitions an admirable imitation of lightning is pro- 
duced by throwing the powder of rosin, or the dust 
of lycopodium, through a flame, and the rattling 
showers of rain which accompany these meteors are 
well imitated by a well regulated shower of peas. 

The principal pieces of acoustic mechanism used 
by the ancients were speaking or sinking heads, which 
were constructed for the purpose of representing the 
mds, or of uttering oracular responses. Among 
these, the speaking head of Orpheus, which uttered 
its responses at JiCsbos, is one of the most famous. 
It was celebrated, not only throughout Greece, but 
eren in Persia, and it had the credit of predicting, 
in the equivocal language of the heathen oracles, the 
bloody cieath which terminated the expedition of Cy- 
rus the Great into Scythia. Odin, the mighty ma- 
gician of the north, who imported into Scandinavia 
the magical arts of the East, possessed a speaking 
head, said to be that of the sage Minos, which he 
had enchased in gold, and which uttered responses 
that had all the authority of a divine revelation. 
The celesrated mechanic Gerbert, who filled the pa- 
nl chair A. D. 1000, under the name ol ^N\Nt»a\.^\ W.^ 

N2 
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constructed a speaking head of brass. AlbeitH 
Majifnus is said to have executed a head in the thir- 
teenth century, which not only moved but spoke. 
It was made of earthenware, and Thomas Aqaini 
is said to have been so terrified when he saw it, that 
he broke it in pieces, upon which the mechanist ex- 
claimed, " There goes the labour of thirty yeara." 

It has been supposed by some authors, that in ths 
ancient speaking macliines the deception is effected 
by means of ventriloquism, the voice issuing from 
the juggler himself; but it is more probable that the 
sound was conveyed by pipes from a person in another 
apartment to the mouth of the figure. Lucian, 
indeed, expressly informs us, that the impostor Alex« 
andcr made his figure of ut^sculapius speak by ttans- 
mitting his voice through the gullet of a crane to 
the mouth of the statue ; and that this method wn 
general appears from a passage in Theodoretus, who 
assures us, that in the fourth century, when Bishop 
Theo])hiluM broke to pieces tlic statues at Alexandria, 
he found some wluch were hollow, and which were 
so placed against a wall that the priest could con- 
ceal himself l)eliind them, and address the ignorant 
spectators tlirou<;h their mouths. 

Kven in modem times, speaking-machines have 
been constructed on this principle. The figure is 
fre(iii(MilIy a mere head placed upon a hollow pedes- 
tal, wliieh, in order to promote the deception, con- 
tains a pair of MiowM, a sounding-board, a cylinder, 
and pi{H's supposed to represent the organs of speech. 
In otiier eases, these are disficnsed with, and a simple 
wooden heiui utters its sounds through a speaking 
trumpet. At tlie court of Charles II. this deceptioa 
was exl libit ed with great effect by one Thomas Irson, 
an Knglislunan, and when the astonishment had be- 
come very general, a popish priest was discovered by 
one of tlie pages in an adjoining apartment. The 
questions luid been proposed to the wooden figure by 
whispering into its ear, ax\d lUiii learned personage 
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iswered them all with great ability, by speaking 
gh a pipe in the same language in which the 
ions were proposed. Professor Beckmann 
ns us that children and women were generally 
fflded either in the juggler's box or in the adja- 
ipartment, and that the juggler gave them every 
ance by means of signs previously agreed upon. 
i one of these exhibitions was shown at Got- 
1, the professor was allowed, on the promise 
Tecy, to witness the process of deception. He 
be assistant in another room, standing before 
ipe with a card in his hand, upon which the 
agreed upon had been marked ; and he had been 
laced so privately into the house that even the 
idy was ignorant of his being there, 
exhibition of this very same kind has been 
:ht forward in our own day, under the name of 
wuible Girl; and as the mechanism employed 

Fig. 37. 




extremely ingenious, and is well fitted to con- 
n idea of this class of deceptions, we shall give 
liled description of it, 
9 machinery, as constructed b^ ^. C;\ck^^<^^>& 



I .. 
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shown in Fig. 37 in perspective, and a plan of it in 
¥ig, 38. The four upright posts A,A, A,A , are united 
at top by a cross rail B,B, and by two similar nils 
at bottom. Four bent wires a,a,a,a, proceeded from 
the top of these posts, and terminated at e. A hol- 
low copper ball M, about a foot in diameter, was 
suspended from these wires by four slender ribands 
b,b,b,b, and into the copper bsdl were fixed the ex- 
tremities of four trumpets, T,T,T,T, with their 
mouths outwards. 




The apparatus now described was all that was 
visible to the spectator; and though fixed in one 
spot, yet it had tlic appearance of a piece of sepa- 
rate machinery, which might have occupied any 
other part of the room. When one of the specta- 
tors was requtfited by the exhibitcr to propose soma 
question, he did it by speaking into one of the 
trumpets at T. An appropriate answer was then 
returned from all the trumpets, and the sound 
issued with sufhcicnt intensity to be heard by an ear 
applied to any of them, and yet it was so weak that 
it appeared to come from a person of very diroinn- 
ii¥o size. Hence the ao\ui^^^ «vi\PQOMd to come 
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firom an invisible girl, though the real speaker was 
a full-grown woman. The invisible lady conversed 
in difTefent languages, sang beautifully, and made 
the most lively and appropriate remarks on the per- 
sons in the room. 

This exhibition was obviously far more wonderful 
than the speaking heads wliich we have described, 
as the latter invariably communicated with a wall, 
or with a pedestal through which pipes could be 
carried into the next apartment. But the ball M 
and its trumpets communicated with nothing through 
which sound could be conveyed. The spectator 
satisfied himself by examination that the ribands d,d, 
were real ribands, which concealed nothing, and 
which could convey no sound, and as he never con- 
ceived that the ordinary piece of framework AB 
could be of any other use than its apparent one of 
supporting the sphere M, and defending it from the 
spectators, he was left in utter amazement respect- 
ing the origin of the sound, and his surprise was in- 
creased by the difference between the sounds which 
were uttered and those of ordinary speech. 

Though the spectators were thus deceived by their 
own reasoning, yet the process of deception was a 
very simple one. In two of the horizontal railings, 
A^, Fig. 38, opposite the trumpet mouths T, there 
was an aperture communicating with a pipe or tube 
which went to the vertical post B, and descending 
it, as shown at TAA, Fig. 39, went beneath the 
floor ff in the direction jqty and entered the apart- 
ment N, where the invisible lady sat. On the side 
of the partition about h there was a small hole, 
through which the lady, saw what was going on in 
the exhibition room, and communications were no 
doubt made to her by signals from the person who 
attended the machine. When one of the spectators 
asked a question by speaking into one of the trum- 
ps T, the sound was reflected from the mouth of 
rtnunpet back to the aperture at A, m \.\v^ \\aTv 
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Kiinlnl rnil, V'lg. :iN, nnil wm distinctly connrri 
HldiilC Dm tilowiil tiilH! iiilfi tin: Hiiiirtmi'nt N. In like 
inniiMiir, Ihn iuihwit jhkiikiI fnimlhi! Hpfrture A,mi 
tH-iiiK r(*/l(H'ti*il tMick lit till' cur of tlin Hpt^ctalor bjr 
till' |.riiiii]iH, ht! Iii'iiril llii: Miimilit with thut chinge 
or ell 11 Fill' If- r wliii-li tliry ri'crivd wlii^u IriiiuniittM 
tliniiiKli ti tiiliii mill tlii'ii rclli'cltid to llio ciir. 

Fi/r. 30. 

hM 

Tin- I'jiti'riM- .if till- Liiitliloni wim pc ally inrreued 
hv Hk' >-ir>'iiiU'>i;iiu-(< tlui LIU niisuvr waa rrtnnwA 
li> ijiirNl'i'ii!' )>iil III n uliis)>(>r. auii ulso liv the tiM- 
V)i-Ii»ii i1i:(I ii.<K»lv Inil * \vTiMi m Ihr'tniddk of 
Ihp «!:.'.:•■ ;'.<■ i-.Milil oK.no tho i-inumstnnrM 10 
wlih-li tlii' lilt isiMii tifiirc t'r<'.;ti('ii!ly AtKcrti'iL 

M!!i.'i-.v;!> ilir ivtl\>nii.m.-i» of '#}ir;iVi»c IxiJ* 
\».-u- Ki-.i.i .ilS vrtiili-.l hi 'Au- imlliix'.s :u>w d.-- 
■.iiS-.^M-! ;Vi.- i« rrj*.';» !.< thiiiV, !!i.i: :ho irn- 
II -.'A;-.;*! ■..nM.::-i.i |'tT •.■..:.■.', s! t'u <\'.-.^::i.>n.«»l 

o! ■.l".-.;*;.';( I'':.tc- > ■,■..• *-,f .■■.<-* .'I" .^f.T;.-t"iou miJW 
u-.iv.sli '.■'.■■ I'l I'.* • -"■■.■;* '.!■.*:■. '.h.i! wh-i.-h an*** (hM 

*n.i .■.,>!»:t.i' .•;" *.".:■:.■» r>ifT> prrwa iniM luw 
t)<'.'iti\f !:.>« « h'.v.^vv. 'V'.t ow a can w oftoB aufc 
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:en for some loud noise moderated by the distance 
m which it is supposed to come ; and the sports- 
n must have frequently been surprised at the exist- 
;e of musical sounds humming remotely in the 
tended heath, when it was only the wind soundine 
the barrel of his gun. The great proportion of 
)aritions that haunt old castles and apartments 
(ociated with death exist only in the sounds 
ich accompany them. The imagination even of 
i boldest inmate of a place hallowed by supersti- 
n will transfer some trifling sound near his own 
:^on to a'direction and to a distance very different 
m the truth, and the sound, whicli otherwise 
B^ht have no peculiar complexion, will derive 
)ther character from its new locality. Spuming 
> idea of a supernatural origin, he determines to 
mask the spectre, and grapple with it in its den. 
. ti^e inmates of the house are found to be asleep, 
m the quadrupeds are in their lair ; there is not a 
(athof*windto ruffle the lake that reflects through 
) casement the reclining crescent of the night; 
1 the massive walls in which he is enclosed forbid 
) idea that he has been disturbed by the warping 
paneling or the bending of partitions. His search 
rain ; and he remains master of his own secret 

he has another opportunity of investigation, 
e same sound again disturbs him, and, modified 
ibably by his own position at the time, it may 
'haps appear to come in a direction slightly differ- 

from the last. His searches are resumed, and 
is s^in disappointed. If tliis incident should 
ur night after night with the same residt ; if the 
ind should appear to depend upon his own motions, 
be any how associated with himself, with his 
sent feelings, or with his past history, his per- 
lal courage will give way, a superstitious dread, 
¥hicii he himself perhaps laughs, will seize his 
|d« and he will rather believe that the sounds 
'e a supernatural origin than that ttie^ cQivi\.^^Q>\2w 
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tinuc to issue from a spot where he knows there is 
no natunil cause for their production. 

1 have had occasion to have personal knowledge 
of a case much 8tronp:cr than that which has now 
been put. A gentleman devoid of all superstitioiu 
fechnpfs, and hvinp: in a house free from any gloomy 
associations, heard ni^ht after night in his bedroom 
a singular noise, unlike any ordinary sound to which 
he was accustomed. He had slept in the same room 
for years without hearing it, and he attributed it at 
first to some change of circumstances in thereof or 
in the walls of the room, but after the strictest ex- 
amination, no cause could bo found for it. It oc- 
curred only 0!ice in the night : it was heard almost 
every night : with few interruptions. It was orerin 
an instant, and it never took place till after the gen- 
tleman had gone to bed. It was alwa3r8 distnMrtly 
hea^d by liis companion, to whose time of going to 
bed it had no relation. It depended on the gentle- 
man alone, and it followed him into another apait' 
nient with another bed, on the opposite side oi th« 
house. Accustomed to such investigations, he mads 
the most diligent but fruitless search into its cause. 
The consideration that the sound had a special refer- 
ence to him alone operated upon his imagination, 
and he did not scruple to acknowledge that the re- 
currence of the mysterious sound produced a super- 
stitious feeling at the moment. Many months after- 
ward it was found that the sound arose from the 
partial opening of the door of a wardrobe which was 
within a few feet of the gentleman's head, and which 
had been taken into the other apartment. This 
wardrobe was almost always opened before he le- 
tired to bed, and the door being a little too tight, it 
gradually forced itself open with a sort of dull sound 
resembling the note of a drum. As the door had 
only started half an inch cut of its place, its chan^ 
of place never attracted attention. The sound, m- 

deed, seemed to. come m ^ ^ASe-TecX ^^^ction, and 

from a greater distaace. 
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When sounds so mysterious in their origin are 
tieard by persons predisposed to a belief in the mar- 
vellous, their influence over the mind must be very 
powerful. An inquiry into their origin, if it is made 
at all, will be made more in the hope of conflnning 
fchan of removing the original impression, and the 
unfortunate victim of his own fears will also be the 
willing dupe of his own judgment. 

This uncertainty with respect to the direction of 
Bound is the foundation of the art of ventriloquism. 
If we place ten men in a row at such a distance from 
Dfl th^t they are included in the angle within which 
we cannot judge of the direction of sound, and if in 
a calm day each of them speaks in succession, we 
BhaU not be able with closed eyes to determine from 
which of the ten men any of the sounds proceeds, 
and we shall be incapable of perceiving that there 
is any difference in the direction of the sounds emitted 
bv the two outermost. If a man and a child are 
juaced within the same angle, and if the man speaks 
with the accent of a child without any corresponding 
motion in his mouth or face, we shall necessarily 
believe that the voice comes from the child: nay, 
if the child is so distant from the man that the voice 
actually appears to us to come from the man, we 
will still continue in the belief that the child is the 
speaker ; and this conviction would acquire additional 
strength if the child favoured the deception by ac- 
commodating its features and gestures to the words 
Bpoken by the man. So powerful, indeed, is the 
influence of this deception, that if a jackass placed 
near the man were to open its mouth, and shake its 
head responsive to the words uttered by his neigh- 
bour, we would rather believe that the ass spoke 
than that the sounds proceeded from a person whose 
mouth was shut, and the muscles of whose face were 
in perfect repose. If our imagination were even 
directed to a marble statue or a lump oC \wdiv\Yeca\^ 
matter, as the source from whicli we -w^ie \.o enc^^^ 
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the sonnds to issue, we would still be deceiTC 
would refer the sounds even to these lifeless ol 
The illusion would be ^atly promoted if the 
were totally different in its tone and characte: 
that of the man from whom it really comes ; 
he occasionally speak in his own full and me; 
voice, the belief will be irresistible that the as 
voice proceeds from the quadruped or from 1 
animate object. 

When the sounds which are required to pi 
from any given object are such as they are w 
calculated to yield, the process of deception 
tremelv easy, and it may be successfully exi 
even if the anpfle between the real and the suj 
directions of the sound is much ^nreater th; 
anfrle of uncertainty. Mr. DufiraUl Stewart has 
some cases in which deceptions of this kiiK 
very perfect. He mentions his havinfr seen a ] 
who, by counterfeiting: the ^stirulations of 
former on the violin, while he imitated the mu 
his voice, riveted the eyes of Iiis au<Hence t 
instrument, thuu^li every sound they heard proc 
from his own mouth. The late Savile C-arej 
imitated the whistling: of the wind throuirh a r 
chink, told Mr. Stewart that he had freijuentlj 
tised this deception in the comer of a cofTeer 
and that he seldom failed to see some of tlie coi 
rise to examine the tiglitness of the windows, 
others, more intent on tlieir newspapt»rs, ron 
themselves with putting on their hats ami but 
their coats. Mr. Stewart likewise meiiti«»ns 
hibition formerly common in some of the cont 
theatres, where a ptfrformer on the staue di- 
the dumb show of siinrinswith his lips an.] e 
gestures, while another person unseen siipp 
musir with his voice. The deception in thi? 
found to be at first so mniplete as to imp* 
the nicest ear and tlie qTiickest eye : but iii 
pesa of the eutertaimneul,Ut: \M:G'dva« disti; 
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Ae of the imposition, and sometimes wondered 
it it should have misled him for a moment. In 
.8 case there can be no doubt that the deception 
18 at first the work of the imagination, and was 
t sustained by the acoustic principle. The real 
d the mock singer were too distant, and when the 
hience of the imagination subsided, the true direc- 
n of the sound was discovered. This detection of 
3 imposture, however, may have arisen from another 
use. If the mock singer happened to clumge the 
sition of his head, while the real sinffer ms^e no 
rresponding change in his voice, the attentive 
setator would at once notice this incongruity, and 
icoyer the imposition. 

[n many of the feats of ventriloquism the per- 
mer contrives, under some pretence or other, to 
aceal his face, but ventriloquists of great distinc- 
n, such as M. Alexandre, practise their art without 
y such concealment. 

ventriloquism loses its distinctive character if its 
itations are not performed by a voice from the 
ly. The voice, indeed, does not actually come 
»m that region, but when the ventriloquist utters 
mds from the larynx without moving the muscles 
his face, he gives them strength by a powerful 
don of the abdominal muscles. Hence he speaks 
means of his belly, although the throat is the real 
arce from which the sounds proceed. Mr. Dugald 
swart has doubted the fact that ventriloquists 
ssess the power of fetching a voice from within : 
cannot conceive what aid could be derived from 
sh an extraordinary power ; and he considers that 
) imagination, when seconded by such powers of 
itation as some mimics possess, is quite sufficient 
account for all the phenomena of ventriloquism 
dch he has heard. This opinion, however, is 
ongly opposed by the remark made to Mr. Stewart 
Qself by a ventnloquist, " that his art would be 
rfect if it were possible oidy \» «^^ ^^S1\m:»^ 
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without any movement of the lips at all.^ But, 
independent of this admission, it is a matter of ab> 
solute certainty that this internal power is exercised 
by the true ventriloquist. In the account which the 
Abb6 Chapelle has f^ven of the performances of M. 
St. Gille and Louis Brabant, he distinctly states that 
M. St. Gillo appeared to be absolutely mute whUe 
he was exercising^ his art, and that no change in hit 
countenance could be discovered.* He affirms also 
that the countenance of Louis Brabant exhibited no 
chanjore, and that his lips were close and inactive. 
M. Richerand, who attentively watched the perform* 
ances of M. Fitz-James, assures us that during hti 
exhibition there was a distension in the epigastric 
region, and that he could not long continue Uie exer- 
tion without fatigue. 

The influence over the human mind which the 
ventriloquist derives from the skilful practice of bit 
art is greater than that which is exercised by any 
other species of conjurer. The ordinary magician 
requires his theatre, his accomplices, and the instru- 
ments of his art, and he enjoys but a local sove- 
reignty within the precincts of his own magic circle. 
The ventriloquist, on the contrary, has the super- 
natural always at his command. In the open fields, 
as well as in the crowded city — in the private apart- 
ment, as well as in the pubhc hall, he can summon 
up innumerable spirits ; and though the persons of 
his flotitious dialogue are not visible to the eye, yet 
thev are as unequivocally present to the imagination 
of his auditors as if they had been shadowed foith 
in the Kilence of a spectral form. In order to convejr 
some idea of the influence of this illusion, I shaU 
mention a few well authenticated cases of successful 
ventriloquism. 

M. St. Gille, a grocer of St. Germain en Laye, 
whose |K'rform ances have been recorded by the Abb6 

* Ediaburgh Joumil ot Bt\«BCi,Ko. vML 9. IM. 
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de la Chapelle, had occasion to shelter himself from 
a storm in a neighbouring convent, where the monks 
were in deep mourning for a much esteemed member 
of their community who had been recently buried. 
While lamenting over the tomb of their deceased 
brother the slight honours which had been paid to 
iua memory, a voice was suddenly heard to issue 
from the roof of the choir bewailing the condition of 
the deceased in purgatory, and reproving the brother- 
hood for their want of zeal. The tidings of this super- 
natural event brought the whole brotherhood to the 
church. The voice from above repeated its lament- 
ations and reproaches, and the whole convent fell 
imoa their faces, and vowed to make a reparation 
of their error. They accordingly chanted in full 
choir a de profundis, during the intervals of which 
the 8i»rit of the departed monk expressed lus satis- 
Action at their pious exercises. The prior after- 
ward inveighed against modern skepticism on the 
aabject of apparitions, and M. St. Gille had great 
difficulty in convincing the fraternity that the whole 
was a deception. 

On another occasion, a commission of the Royal 
Academy of Sciences at Paris, attended by several 
persons of the highest rank, met at St. Germain en 
Laye to witness the performances of M. St. Gille. 
The real object of their meeting was purposely with- 
held from a lady of the party, who was informed 
that an aerial spirit had lately established itself in 
the neighbourhood, and that the object of the as- 
sembly was to investigate the matter. Wlien the 
party had sat down to dinner in the open air, the 
spint addressed the lady in a voice which seemed 
to come from above their heads, from the surface 
of the ground at a great distance, or from a consid 
erable depth under her feet. Having been thus 
addressed at intervals during two hours, the lady was 
firmly convinced of the existence of the spirit, and 
could with difficulty be undeceived 
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Another ventriloquist, Louis Brabant, who had 
been valet-de-chambre to Francis 1. turned his pow- 
ers to a more profitable account. Having* fallen in 
love with a rich and beautiful heiress, he was re- 
jected by her parents as an unsuitable match for 
their daughter. On the death of her father, Louis 
paid a visit to the widow, and he had no sooner en- 
tered the house than she heard the voice of her de- 
ceased liusband addressing her from above : '' Give 
my daughter in marriage to Louis Brabant, who is a 
man of large fortune and excellent character. I 
endure the inexpressible torments of purgatory for 
having refused her to him. Obey this admonition, 
and give everlasting repose to the soul of your poor 
husband." This awful command could not be re- 
sisted, and the widow amiounced her compUance 
with it. 

As our conjurer, however, required money for the 
completion of his marriage, he resolved to work 
upon the fears of one (yonni, an ohi banker at Lyons, 
who had amassed immense wealth by usury and ex- 
tortion. Having obtained an interview with the 
miser, he introduced the subjects of demons and 
spectres and the torments of purgatorv ; and during 
an interval of silence, the voice of tfie miser's de- 
ceased father was heard complaining of his dreadful 
situation in purgatory, and calling upon his son to 
rescue him ironi his sufferings, by enabling liOuis 
Brabant to redeem the Chrstians that were enslaved 
by the Turks. The awe-struck miser was also 
threatened with eternal damnation if he did not thus 
expiate his own sins; but such was the gnisp that 
t)i<^ banker took of his gold that tlie ventriloquist 
was obliged to pay him anotlier visit. On this oc 
r:ision, not only his father but all his deceased rela- 
tions appealed to him in Imliatf of his own soul and 
thfirs. and such was the loudness of their complaints 
tiiat the spirit of the banker was subdued, and he 
^dve the ventriloquist ten VYLO\i»;axu\ cnwta to libe- 
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rate the Christian captives. When the miser was 
afterward andeceived, he is said to have t>een so 
mortified that he died of vexation. 

The ventriloquists of the nineteenth century 
made great additions to their art, and the perform- 
ances of M. Fitz-James and M. Alexandre, which 
must have been seen by many of our countrymen, 
were far superior to those of their predecessors. 
Besides the art of speaking by the muscles of the 
throat and the abdomen, wittiout moving those of 
the face, these artists had not only studied with 
great diligence and success the modifications which 
sounds of all kinds undergo from distance, obstruc- 
tions, and other causes, but had acquired the art of 
imitating them in the highest perfection. The 
ventriloquist was therefore able to carry on a dia- 
loffae in which the dramatis voces, as they may be 
culed, were numerous ; and when on the outside of 
an apartment he could personate a mob with ite in- 
finite variety of noise and vociferation. Their in- 
fluence over an audience was still further extended 
Sa singular power over the muscles of the body. 
Fitz-James actually succeeded in making the op- 
posite or corresponding muscles act differently from 
each other; and while one side of his face was 
merry and laughing, the other was full of sorrow and 
in tears. At one moment he was tall, thin, and mel- 
ancholic ; and after passing behind a screen, he came 
ont " bloated with obesity and staggering with ful- 
ness." M. Alexandre possessed the same power 
over his face and figure, and so striking was the 
contrast of two of these forms, that an excellent 
sculptor, Mr. Joseph, has perpetuated them in 
marble. 

Tliis new acquirement of the ventriloquist ena- 
bled him, in lus own single person, and with his own 
single voice, to represent upon the stage a dramatic 
composition which would have required the assist- 
ance of several actors. Althowghi oriV^ oxl^ Odss.- 
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acter in the piece could be seen a1 
yet they all appeared durirz its ; 
the change of face and fiirure on 
ventriiociuist wa^ so perfect ihr.t his 
could not be recoiiriistd :n the c 
This deception was rendered still n 
a particular con struct ion of the dr 
abied the performer to reap>.".ir in 
after an inten'al so short that the 
sarily believed that it was ?.:^ other 

It is a curious circuiii>t!-.:ic»- th; 
found anion? the K-kim;ii:x of I 
quists of no mc;in skill. T'.f. re i 
amontr the profe.ssors of t?;e art. 
p^jse each other's secr«-t<, :-.n'l \)if-\ 
rive great importance from the rn 
rurrence. Tlie follow] nz ;:rcount 
is so intenrstiuir that we shall jiivi 
in (Captain Lyon's wonis. 

'•AmonjT our IiMoolik JM-^jiihintr 
females and a few male wizard-*, of 
cipal was Toolemak. Tlii-* pf-rsoii 
and inti-Ui^aMit. and, wluthf r j.rofes 
his skill in the chase, but ju-rliaps 
hons, was considered by nil t?ie tr: 
importance. As I invariably fiaid 
to liis opinion on all subjects con 
calliiKT. he fre«*!y coninuiiiicatpd to 
knowbdir*;, and did not scruple t 
bt'inir pn.'sent at liis interview-; wit) 
patron spirit. In consequence of 
early opportunity of re<|uestinir n 
bibit his skill in my cabin. Ilis ol 
liim, and bv murh tbitterv and an 
play of a f^litteriui; knife and soni 
Nisted me in ohtainiu? my request 
eluded, our sorcerer \*i'^iin chanti 
**'jt}i tfrcsit vehemence, and .sli*- m 
l^y hinging f he Amn-d-aya, v/\\\c\i - 
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tinued during the whole ceremony. As far as I 
could hear, he afterward began taming himself 
rapidly round, and in a loud powerful voice vocife- 
rated for Tomga with great impatience, at the same 
time blowing and snorting like a walrus. His noise, 
impatience, and agitation increased every moment, 
and he at length seated himself on the deck, varsring 
his tones, and making a rustling with his clothes. 
^Suddenly the voice seemed smothered, and was so 
managed as to sound as if retreating beneath the 
deck, each moment becoming more distant, and ulti- 
mately giving the idea of being many feet below the 
cabin, when it ceased entirely. His wife now, in 
answer to my queries, informed me very seriously, 
that he had dived, and that he would send up Tomga. 
Accordingly, in about half a minute, a distant 
blowing was heard very slowly approaching, and a 
▼Dice, which differed from that at first heard, was at 
times mingled with the blowing, until at length both 
aomids became distinct, and the old woman informed 
me that Tomga was come to answer my questions. 
I accordingly asked several questions of the saga- 
cious spirit, to each of which inquiries I received an 
answer by two loud claps on the deck, which I was 
given to understand were favourable. 

"A very hollow yet powerful voice, certainly 
much different from the tones of Toolemak, now 
chanted for some time, and a strange jumble of 
hisses, groans, shouts, and gabblins^ like a turkey, 
succeeded in rapid order. The old woman .^ang 
with increased energy, and as I took it for granted 
that this was all intended to astonish the Kabloona, 
I cried repeatedly that I was very much afraid. 
This, as I expected, added fuel to the fire, until 
the poor immortal, exhausted by its own might, 
asked leave to retire. 

'* The voice gradually sank from our hearing as 
at first, and a very indistinct hissing succeeded ; 
in its advance, it sounded Uke thi^ tow^ ^\^^^^<^\ 
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by the wind on the bass chord of an ^olian han. 
'rhis was soon changed to a rapid hiss like that of i 
rocket, and Tooleniak with a yell announced hii 
return. I had held my breath at the first distant 
hissinfjT, and twice exhausted myself; yet our con- 
jurer did not once respire, and even his retumini 
and powerful yell >^'as uttered without a preTiom 
stop or inspiration of air. 

*' Light bein^ admitted, our wizard, as might bi 
expected, was m a profuse perspiration, and certainl]! 
much exhausted bv his exertions, which had cob- 
tinuod for at least balf an hour. We now obsemd 
a couple of bunches, each consisting of two stripci 
of white deer-skin and a long piece of sinew, at 
tached to the back of his coat. These we had nol 
seeii before, and were informed that they bad beea 
sewn on by Toniga while he was below.^ 

Capt;un'Lvon had the good fortune to witaoi 
another of ^oolomaks exhibitions, and he wai 
much struck with the wonderful steadiness of the 
wizanl throughout the whole performance, whidi 
lasteil an liour and a half. He did not once meai 
to move, for he was so close to the skin behind 
which Captain I.yon sat, that if he had done to 
ho must liave perceived it. Captain Lyon did not 
hear The least rustling of his clothes, or even dis- 
tineuish his breathing, although his outcries wen 
made with great exertion. t 

• P-:t .ut j.-."x.H cf C«pc^a G, F. Lfoo. Lomd. 1991. pc S9«i 
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Amono the discoveries of modem science there 
are few more remarkable than those which relate 
to the production qf harmonic sounds. We are all 
familiar with the effects of musical instruments, from 
Uie deep-toned voice of the organ to the wiry shrill 
of the Jew's harp. We sit entranced under their 
magical influence, whether the ear is charmed with 
the melody of their sounds, or the heart agitated by 
the sympathies which they rouse. But though we 
maj admire their external form, and the skill of the 
artist who constructed them, we never think of in- 
quiring into the cause of such extraordinary combi- 
nations. 

Sounds of all kinds are conveyed to the organ of 
hearing through the air ; and if this element were 
to be destroyed, all nature would be buried in the 
deepest silence. Noises of everjr variety, whether 
they are musical or discordant, high or low, move 
through the air of our atmosphere at the surface of 
the earth with a velocity of 1090 feet in a second, 
or 765 miles per hour ; but in sulphureous acid gas 
sound moves only through 751 feet in a second, 
while in hydrogen gas it moves with the great ve- 
locity of 3000 ^et. Along fluid aM^oMV^Qi^^'^.>^& 
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progress is still more rapid. Through water it 
moves at the rate of 4708 feet in a second, through 
tin at the rate of 8175 feet, and through iron, tUu, 
and some kinds of wood at the rate of 18,530 feet 
When a number of single and separate soundt 
follow each other in rapid succession, they produce 
a continued sound, in the same mamier as a con- 
tinuous circle of light is produced by whirling round 
a burning stick before the eye. In order that the 
sound may appear a single one to the ear, nearly 
sixteen separate sounds must follow one another 
every second. When these sounds are exactlj 
similar, and recur at equal intervals, thev form s 
nmsical sound. In order to produce such sounds 
from the air, it must receive at least sixteen equally 
distant impulses or strokes in a second. The most 
common way of producing this cflTect is by a strinff 
or wire AB, Fig. 40, stretched between the filed 
points AB. If this string is tiken by the middle 

Fig, 40. 




and pulled aside, or if it is suddenly struck, it wiU 
vibrate iMitwcen its two fixed points, as shown in 
the fi^ire, paHsing alternately on each side of its 
axis A J), the vibrationn orr^idu^ly dimininhing li^the 
reeiBtance of the air UU U\c «ltvi\^ ia brought to rest. 
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Its vibrations, however, may be kept up by drawing 
a rosined fiddle-bow across it, and while it is vibrating 
it will give out a sound corresponding to the rapidity 
of its vibrations, and arising from the successive 
blows or impulses given to the air by the -string. 
This sound is called the fundamental sound of the 
string, and its acuteness or sharpness increases with 
the number of vibrations which the string perfonns 
in a second. 

If we now touch the vibrating string A'B' lightly 
with the finger, or with a feather, at the middle point 
C, Fig. 40, it will give out a more acute but fainter 
sound than before, and while the extent of its vibra- 
tions is diminished, their frequency is doubled. In 
like manner, if we touch the string A"B", Fig. 40, 
at a point C, so that A"C is one-third of A"B", the 
note will be still more acute, and correspond to 
thrice the number of vibrations. All this might have 
been expected, but the wonderful part of the expcri 
ment is, that the vibrating string A'B' divides itself 
at C into two parts A'C, CB', the part A'C vibrating 
round A' and C as fixed points, and the part CB' 
round C and B', but always so that the part A'C is 
at the same distance on the one side of the axis 
A'B' as at AmC, while the part CB is on the other 
side, as at CnB. Hence the point C, being always 
pulled by equal and opposite forces, remains at rest 
as if it were absolutely fixed. This stationary point 
is called a node, and the vibrating portions A'mC 
CnB' loops. The very same is tnie of the string 
A"B", the points C and D being stationary points ; 
and upon the same principle a s&ing may be divided 
into any number of vibrating portions. In order to 
prove that the string is actually vibrating in these 
equal subdivisions, we have only to place a piece of 
light paper with a notch in it on different parts of the 
string. At the nodes C and D it will remain per- 
fectly at rest, while at m or n in the middle of thft 
loops it will be thrown off or vioVexvWv ^%\\»X^^ 

P 
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The acute sounds given out by each of the Tflmtiiig 
portions are called harmonic sounds, and they accom- 
pany the fundamental sound of the string in the Yery 
Siune manner — as we have a]read}r seen — ^that the 
eye sees the accidental or harmonic colours while 
it is affected ivith the fundamental colour. 

The subdivision of the string, and consequently 
the production of harmonic sounds, may be effected 
without toucliing the string at all, and by means of 
a sympathetic action conveyed by the air. If a 
string AB, for example, Fig. 40, is at rest, and if a 
shorter string A"C, one-third of its length, fixed at 
the two points A" and C, is set a-vibrating in the 
same room, the string AB will be set a-vibrating in 
three loops like A"B", giving out the same harmonic 
sounds as the small string A"C. 

It is owing to this property of sounding bodies 
that singers with great power of voice are able to 
break into pieces a large tumbler glass, by singing 
close to it its proper fundamentid note ; and it is from 
the same S3'n:pathetic conmiunication of vibrations 
that two pendulum clocks fixed to the same wall, or 
two watches lying upon the same table, will take the 
sumc rate of going, though they would not agree 
with one another if placed in separate apartments. 
Mr. Ellicott even obser^'cd that the pendulum of the 
one clock will stop that of the other, and that the 
stopped pendulum will after a certain time resume 
its vibrations, and in its turn stop the vibrations of 
the other pendulum. 

The production of musical sounds by the vibra- 
tions ofa column of air in a pipe is familiar to everv 
person, but the eztraordinaiy mechanism by whicn 
it is effected is known principally to philosophers. 
A column of air in a pii>e may be' set a-vibratinir by 
blowing over the open end of it, as is done in Pan's 
pipes, or by blowing over a hole in its side as in the 
^ute, or by blowing through an aperture called a 
reed, with a flexible tongue, as m \be clarionet, la 
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order to understand the nature of this vibration let 
AB, Fig". 41, be a pipe or tube, and let us place in it 
a spiral spring AB, in which the coil or spire are at 
equal distances, each end of the spiral being fixed to 
the end of the tube. This elastic spring may be 
supposed to represent the air in the pipe, which is 

Fig. 41. 
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of equal density throughout. If we take hold of the 
spring at m, and push the point m towards A and 
towards B in succession, it will give us a good idea 
of the vibration of an elastic column of air. When 
m is pushed towards A, the spiral spring will be 
compressed or condensed, as shown at mA, No. 2, 
while at the other end it will be dilated or rarefied, 
as shown at mB, and in the middle of the tube it will 
have the same degree of compression as in No. 1. 
When the string is drawn to the other end of the 
tube B, the spring will be, as in No. 3, condensed at 
the end B, and dilated at the end A Now when a 
column of air vibrates in a pipe AB the whole of it 
rushes alternately from B to A, as in No. 3, and 
Irora A to B as in No. 3, being condensed at the end 
A, No. 3, and dilated or rarefied at the end B, while 
in No. 3 it is rarefied at A and condensed at B, pre- 
serving its natural density at the middle point be- 
tween A and B. In the case of tVve ^"^imsk^^ ^"^^ 
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AB are alternately pushed outwards and pulled 
wards by the spring, the end A being pushed o 
wards in No. 2, and B pulled inwards, while in 1 
3 A is pulled inwards and B pushed outwards. 

That the air vibrating in a pipe is actuaUy in ' 
state now described may be shown by boring sn 
holes in the pipe, and putting over them pieces o 
fine membrane. The membrane opposite to the ni 
die part between A and B, where the particles of i 
air have the greatest motion, will be violently a 
tated, while at points nearer the ends A and I 
will be less and less affected. 

Let us now suppose two pipes AB, BC, to 
joined together as in Fig. 4S, and to be separa 
by a fixed partition at B ; and let a spiral spring 
fixed in each. Let the spring AB be now pusl 
to the end A, while the spring BC is pushed to 
as in No. 1, and back again, as in No. 2, but alwi 

Fig. 42. 




in opposite directions ; then it is obvious that ^ 
partition B is in No. 1 drawn in opposite directi< 
towards A and towards C, and always with fen 
equal to each other ; that is, when B is drawn sligfa 
towards A, which it is at the beginning of the n 
tion, it is also drawn slightly towards C, i 
when it is drawn forcibly towards A, as it is at 1 
end of the motion of the spring, it is also drawn f 
cibly towards C. If the partition B, therefore, 
moveablCf it will still remain fixed during the opj 
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rite excnrrions of the spiral springs : nay, if we re- 
move the partition, and nook tne end of one spiral^ 
spring to the end of the other, the node or point 
of junction wiU remain stationary during the move- 
ments of the springs, because at every instant that 
point is drawn by equal and opposite forces. If 
three, four^ or five spiral springs are joined in a similar 
manner, we may conceive them all vibrating between 
their nodes in the same manner. 

Upon the very same principles we may conceive 
A long column of air without partitions dividing 
itself into two, three, or four smsdler columns, each 
of which will vibrate between its nodes in the same 
maimer as the spiral spring. At the middle point of 
each small vibrating column the air will be of its 
natoral density like that of the atmosphere, while at 
the nodes B, &c., it will be in a state of condensa- 
tion and rarefaction alternately. 

Iff when the air is vibrating in one column in the 

Eipe AB, as in Fig. 41, Nos. 2, 3, we conceive a 
ole made in the middle, the atmospheric air will not 
rash in to disturb the vibration, because the air 
within the pipe and without it has exactly the same 
density. Nay, if, instead of a single hole, we were 
to cut a ring out of the pipe at the middle point, the 
column woSd vibrate as before. But if we bore a 
hole between the middle and one of the ends, where 
the vibrating column must be either in a state of 
condensation or rarefaction, the air must either rush 
out or rush in, in order to establish the equilibrium. 
The air opposite the hole will then be brought to 
the state of the external air like that in the middle 
of the pipe, it will become the middle of a vibrating 
column, and the whole column of air, instead of vi- 
brating as one, will vibrate as two columns, each 
column vibrating with twice the velocity, and yield- 
ing harmonic sounds along with the fundamental 
sound of the whole columns, in the same manner as 
we have already explained with, re^^ V) ^^t^\sis|^ 

Pa 
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strings. By opening other holes we may sobdhrido 
^ a vibrating column into any number of smaller ¥i« 
brating cobimns. The holes in flutes, clarionets, 
&c, are made for this purpose. When they are all 
closed up, the air vibrates in one column ; and by 
opening and shutting the different holes in sacces- 
sion, the niunber of vibrating columns is increased 
or diminished at pleasure, and consequently the hv- 
monic sounds will vary in a similar manner. 

Curious as these phenomena are, they are still 
surpassed by those which are exhibited during the 
vibration of solid bodies. A rod or bar of metal or 
glass may be made to vibrato either longitudinally 
or laterally. 

An iron rod will vibrate longitudinally like a 
column of air if we strike it at one end in the direc- 
tion of its length, or rub it in the same direction 
with a wetted finger ; and it will emit the same fun- 
damental note as a column of air ten or eleven times 
as long, because sound moves as much faster in iron 
than in air. When the iron rod is thus vibratini^ 
along its length, the very same changes wliich we 
have shown in Fig. 41, as produced in a spiral sprinij 
or in a column of air, take place in the solid metal. 
All its particles move alternately towards A and 
towards B, the metal being in the one case condensed 
at the end to which the particles move, and expanded 
at the end from which they move, and retaining its 
natural density in the middle of the rod. If we now 
hold this rod in the middle, by the finger and thumb 
lightly applied, and rub it in the middle either of 
AB or BC with a piece of cloth sprinkled with 
powdered rosin, or with a well-rosined fiddle-bow 
drawn across the rod, it will divide itself into two 
vibrating portions AB, BC, each of which will vibrate, 
as shown in Fig. 42, like the two adjacent columns 
of air, the section of the rod, or the particles wh'ch 
compose that section at B, being at perfect rest By 
holding the rod at any iaXeroiediaiiA \o\iit betweao 
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id Bi 90 that the distance from A to the finger 
Jiunib ia one'third, one-fourth, one-Afth, &c. of 
rhole len^h AG, and rubbing one of the diyi- 
I ia the middle, the rod will divide itself into 3, 
&c. vibrating portions, and give out conespond- 
larmonic sounds. 

rod of iron ma^ be made to vibrate lateralljr or 
iversely, by fixmg- one end of it firmly as in a 
and leaving the other free, or by having both 
Iree or both fixed. When a rod fixed at one 
and free at the other, is made to vibrate, its 
a of vibrating may be rendered evident to the 
, and for the purpose of doing this Mr. Wheat- 
B has contrived a curious instrument called the 
idophoae, which is shown in Fig. 43. It con- 

fig-. 43. 
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: of a circular base of wood A B, about niru in- 
\ in diameter and one inch thick, and having four 
B sockets firmly fixed into it at C, D, £, and P. 
these sockets are screwed four vertical steel 
C, D, E, and F, about 13 or li inches long, 
being a square rod, another a bent c^lindni^ifil 
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one, and the other two cylmdrical ones of diflbrant 
diameters. On the extremities of these rods an 
fixed small quicksilvered glass beads, either singlT 
or in groups, so that when the instrument is placed 
in the light of the sun or in that of a lamp, briglit 
images of the sun or candle are seen reflected on 
each bead. If any of these rods is set a-vibrating, 
these luminous images will form continuous ani 
returning curve lines in a state of constant varia- 
tion, each different rod giving curves of different 
characters. 

The melodian, an instrument of great power, em- 
bracing five octaves, operates by means of the vi- 
brations of metallic rods of unequal lengths, fixed 
at one end and free at the other.* A narrow and 
thin plate of copper is screwed to the free extremity 
of each rod, ana at right angles to its length ; and 
its surface is covered with a small piece of felt im- 
pregnated with rosin. This narrow band is placed 
near the circumference of a revolving cylinder, and 
by touching the key it is made to descend tiU it 
touches the revolving cylinder, and |ives out its 
sound. The sweetness and power of this instrument 
arc unrivalled, and such is the character of its tones 
that persons of a nervous temperament are often 
entirely overpowered by its effects. 

The vibrations of plates of metal or glass of va- 
rious forms exhibit a series of the most extraordi- 
nar\' phenomena which are capable of being shown 
bv ver>' simple means. These phenomena are dis- 
played in an infinite variety of regular figures as- 
sumed by sand, or fine lycoi>odium powder strewed 
over the surface of the glass plate. In order to 
produce tliese figures, we must pinch or damp the 
plate at one or more places, and when the salnd is 
strewed upon its surface, it is thronvn into vibrations 

* ^ee Edin^rgk Enqfdopadiat Alt. BciuCB, OoioMm !■» voL Zftt 
JK 363. • 
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yjT. drawing a fiddle-bow over different parts of its 
nrcumference. The method of damping or pinch- 
kig plates is shown in Fig. 44. In No. 1 a square 

Fig. 44. 







plate of glass AB, ground smooth at its edges, is 
pinched by the finger and thumb. In No. 2 a circular 
plate is held by the thumb against the top c of a per- 
pendicular rod, and damped by the fingers at two 
iiSbrent points of its circumference. In No. 3 it is 
lamp^ at three points of its circumference, at c and d 
ly the thumb and finger, and at e by pressing it against 
fc fixed obstacle ah. By means of a clamp like 
tiat at No. 4, it may be damped at a greater number 
ftf points. 

U we take a square plate of glass, such as that 
ihown in Fig. 45, No. 1, and pinching it at its 
centre, draw the fiddle-bow near one of its angles, 
•be sand will accumulate in the form of a cross, as 
Ihown in tiiic figure, being tturown off the parts of 
hb plate that are in a state of yibratioiii axi*^ ^\.>X\xv^ 
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in tlie nodes or parts which are at rest. If the bow 
is drawn across the middle of one of the edges, tiji 
sand will accumulate as in No. 3. If the plate ii 

Fig. 46. 





jn 




' 



pinched at N, No. 3, and the bow applied at F and 
perpendicular to AB, the sand will arrange itself 
m tliree parallel lines, perpendicular to a foiutk 
passinc: through F and N. But if the point N where 
It is pinclied, is a little farther from the edge thai 
in No. 3, the parallel lines will change into cnrres 
as in No. 4. 

If the plate of ^lass is circular, and pinched it He 
centre, and also at a point of its circumference, wl 
if the bow is applied at a point 45^ from the hit 
point, the figure of the sand will be as in Fig. 4$, 
No. 1. If, with the same plate similarly pinched, 
the bow is drawn over a part 30^ from the pioclMd 
point of the circumference, the sand w^ form wn 
radii, as in No. 2. ViYvetL\YA ^«ii\xft oC the plate ii 
left /ree, a differenX aeX ol t^i^aw^ V]^ \fcMM:^>^ 
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n In No. 3 and No. 4. Vnieii the plale is 
ed near its edge, and the bowapplied 45° from 
nnt pinched, & circle of sand will pass througli 




oint, and two diameters of sand &t right anglea 
;h other will be fonned, as in No. 3. Wlien 
it of the circumference is pressed against a 
obstacle, and the tmw applied 30° from that 
the figure in No. 4 is produced. 
n place of a solid plate, we strew the sand 
I stretched membrane, the sand will form itself 
Igiuea, even when the vibrations are com- 
ated to Uie membrane throogh the air. In 
to make these experiments, we must stretch 
sheet of wet paper, such as vegetable paper, 
he mouth of a tumbler-glaas witn a footstalk, 
K it to the edges with ^ue. When the pajwr 
, a tUa' layer of di)r sand is strewed upon its 
». Wfin place this membrane 0900. «.t^Aft. 
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and hold immediately above it and 
membrane, a plate of glass vibratin 
any of the figures ^hown in Fig. 4f 
the membrane will imitate exactly 
the glass. If the glass plate, in ph 
horizontally, is made to vibrate in a 
tion, the figures on the membrar 
with the inclination, and the sand v 
most curious arrangements. The f 
duced vary with tlie size of tlie nier 
material, its tension, and its shap 
same figure occurs several times u 
breath upon the paper will change 
tension, and produce an entirely ne^ 
as the temporary moisture evapora 
to the original figure, through a nuro 
diate ones. The pipe of an organ 
of a few feet, or the notes of a fiute 
of half afoot, will arrange the sand o! 
into figures which perpetually changt 
that is produced. 

The manner in which flat rulen 
of glass perform their vibrations is V" 
If a glass plate about twenty-sev( 
six-tenths oS an inch broad, and sia 
an inch thick, is held by the edge 
finger and thumb, and has its low( 
either end, rubbed with a piece of ' 
laid upon its upper surface will arrar 
allel Imes at right angles to the leng 
If the place of these lines is marke 
ink, ana the other side of the glass 
upwards, and the ruler made to vib 
the sand will now accumulate in lin 
between the former lines, so that 
one-half the thickness of the glass ml 
the reverse of those of the corresp 
the other half. 

A$ these singulaT phenomena ha^ 
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made available by the scientific coi^jurer, we must 
be satisfied with this brief notice of them; but 
tiiere is still one property of sound, which has its 
analogy also in light, too remarkable to bo passed 
without notice. This property has more of tho 
marvellous in it than any result within the wide 
range of the sciences. Two loud sounds may he made 
to produce silence, and two strong lights may be made 
to produce darkness ! 

if two equal and similar strings, or the columns 
of air in two equal and similar pipes, perform exactly 
100 vibrations in a second, they wiU produce each 
equal waves of sound, and these waves will conspire 
in generating an uninterrupted sound, double of 
either of the somids heard separately. If the two 
strings or the two columns of air are not in unison, 
bnt nearly so, as in the case where the one vibrates 
100 and the other 101 times in a second, then at the 
first vibration the two sounds will form one of double 
the strength of either: but the one will gradually 
gain upon the other, till at tlie fiftieth vibration it has 

S lined half a vibration on the other. At this inst:mt 
e two sounds will destroy one another, and an inter- 
val of perfect silence will take place. The sound 
will instantly commence, and gradually increase till 
it becomes loudest at the hundredth vibration, where 
the two vibrations conspire in producing a sound 
double of either. An interval of silence will again 
occur at the 150th, 250th, 350th vibration, or every 
second, while a sound of double the strength of 
either will be heard at the 200th, 300th, and 400th 
vibration. When the unison is very defective, or 
when there is a great diflerence between the number 
of vibrations whach the two strings or columns of 
air perform in a second, the successive sounds and 
intervals of silence resemble a rattle. With a pow- 
erful organ the efiect of this experiment is very 
fine, the repetition of the sounds wow — wow — wow, — 
representing the doubled sound aivi t\Nft Ycw\ftXH7k^. ^S. 
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silence which arises from the total extinction of tht 
two separate sounds. 

The phenomena corresponding* to this in the caae 
of light is perhaps still more surprising. If a beam 
of red light issues from a luminous point, and faUs 
upon the retina, we shall see distinctly the luminous 
object from which it proceeds ; but if another pencil 
of red light issues from another luminous point any 
how situated, provided the difference between its 
distance and that of the other luminous point from 
the point of the retina on which the first beam fell 
is the 258 thousandth part of an inch, or exactly 
twice, thrice, four times, &c. that distance ; and if thu 
second beam falls upon the same point of the retina 
the one light will increase the intensity of the other, 
and the eye will sec twice as much light as when it 
received only one of the beams separately. All this 
is nothing more than what mit^ht be expected from 
our ordinary experience. But if the difference in 
the diatances of the two luminous points is only 
one-half of tlie 258 thousandth part of an inch, or 
li, 2J,'3J. 4§ times tliat distance, the ofie liirht vtU 
extinguish the other, and produce absolute darhifss. If 
the two luminous points are so situated that the 
difference of their distances from the point of the 
retina is intermediate between 1 and 1^, or 2- and *J| 
above the '25>i thousandth part of an inch, the in- 
tensity of the effect which they prriduce will vary 
from al)solute darkness to double the intensity of 
either liL^ht. At 1|, 2^. 3| times, &c. the' 258 
thousandth of an inch, the intensity of the two 
combined liirhts will be equal only to one of them 
acting singly. If the lights, in place of falling'upoa 
the retina, fall upon a slieet of white paper, the very 
same t-ffect will bt- produced, a bhick >pot beine pro- 
(hiced in the one casr. aiul a brii'^ht white one in Ibe 
other, and intermedinte degrees of brightness in 
intr-rmediate cases. If the two lights sue vioiei, the 
difference of distances at vi\\icVi l\w \iceceding pb^ 
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nomena will be produced will be the 157 thou- 
sandth part of an inch, and it will be intermediate 
between the 258 and the 157 thousandth part of an 
inch, for the intermediate colours. This curious 
phenomenon may be easily shown to the eye, by 
admitting the sun^s light into a dark room through a 
small hole about the 40th or 50th part of an inch in 
diameter, and receiving the light on a sheet of paper. 
If we hold a needle or piece of slender -wire in this 
ight, and examine its shadow, we shall find that the 
ihadow consists of bright and dark stripes succeed- 
31^ each other alternately, the stripe in the very 
middle or axis of the shadow bemg a bright one. 
Vhe rays of light which are bent into the sha- 
dow, and which meet in the very middle of the 
shadow, have exactly the same length of path, so 
that they form a bright fringe of double the intensity 
of either ; but the rays which fall upon a point of 
the shadow at a certain distance from the middle 
have a difference in the length of their paths cor- 
fesponding to the difference at which the lights 
destroy each other, so that a black stripe is produced 
on each side of the middle bright one. At a greater 
distance from the middle, the difference becomes 
such as to produce a bright stripe, and so on, a bright 
and a dark stripe succeeding each other to the mar- 
gin of the shadow. 

The explanation which philosophers have given 
of these strange phenomena is very satisfactory, and 
may be easily understood. When a wave is made 
on the surface of a still pool of water, by plunging 
a stone into it, the wave advances along the surface, 
while the water itself is never carried forward, but 
merely rises into a height and falls into a hollow, 
each portion of the surface experiencing an elevation 
and a depression in its turn. If we suppose two 
waves equal and similar to be produced by two se- 

Srate ^nes, and if they reach the same spot at 
9 same time, that is, if the two ele^^.tvQis& ^\>lq\S^ 
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exactly coincide, they would unite their effects azid 
produce a wave twice the size of either ; but if the 
one wave should he just so far before the other that 
the hollow of the one coincided with the elevation 
of the other, and the elevation of the one with the 
hollow of the other, the two waves would obliterate 
or destroy one another ; the elevation, as it were, of 
the one Ming up half the hollow of the other, and the 
hollow of the one taking away half the elevation of 
the other, so as to reduce the surface to a level 
These effects will be actually exhibited by throwing 
two equal stones into a pool of water, and it will be 
seen that there are certain hues of a hyperbolic foim 
where the water is quite smooth, in consequent 
of the equal waves obliterating one another, whilo 
in other adjacent parts the water is raised to a 
height corresponding to both the waves united. 

In the tides of the ocean, we have a fine example 
of the same principle. The two immense waves 
arising from the action of the sun and moon upon 
tlie ocean produce our spring-tides by llieir com- 
bination, or when the elevations of each coincide ; 
and our neap-tides, when the elevation of the one 
wave coincides with the depression of the other. 
If the sun and moon had exerted exactly the same 
force upon the ocean, or produced tide waves of the 
same size, then our neap-tides would have disap- 
peared altogether, and the spring-tide would have 
been a wave double of the wave produced by the 
sun and moon separately. An example of the effect 
of the equality of the two waves occurs in the port 
of Batsha, where the two waves arrive by channels 
of different lengths, and actually obliterate each other. 

Now, as sound is produced by und'ilations or waves 
in the air, and as light is supposed to be produced 
by waves or undulations in an etherial medium, 
filling all nature, and occupying the pores of trans- 
parent bodies, the successive production of sound 
and silence by two \o\xdL ^oxxsv.^^ ost qC light and 



▲C01T8TIO AUTOKATA. 185 

ess by two bright lights, may be explained in 

ery same manner as we have explained the in- 

ie and the obliteration of waves formed on the 

X5e of water. If this theory of light be correct, 

the breadth of a wave of red light will be the 

thousandth part of an inch, the breadth of a 

e of green light the 207 thousandth part of 

nch, and the breadth of a wave of violet light 

157 thousandth part of an inch. 

imong the wonders of modern skil\, we must 

mnerate those beautiful automata by which the 

itions and actions of man and other animals have 

en successfully imitated. I shall therefore de- 

ribe at present some of the most remarkable 

;oa8tic automata, in which the production of mu- 

cal aikl vocal sounds has been the principal object 

f the artist. 

Many very ingenious pieces of acoustic mecha 
lism nave been from time to time exhibited in 
Europe. The celebrated Swiss mechanist M. Le 
Droz constructed for the King of Spain the figure 
of a sheep, which imitated in the most perfect man- 
ner the bleating of that animal ; and likewise the 
fiffure of a dog watching a basket of fruit, which, 
men any of the fruit was taken away, never ceased 
[Murking xill it was replaced. 

The singing-bird of M. Maillardet, which he ex- 
hibited in E&iburgh many years ago, is still more 
wonderful.* An oval box, about three inches long; 
iiras set upon the table, and in an instant the lid flew 
up, and abird of the size of the humming-bird, and 
of the most beautiful plumage, started from its nest. 
After fluttering its wings, it opened its bill and per- 
formed four different kinds of the most beautiful 
warbling. It then darted down into its nest, and the 
]jd closed upon it. The moving power in this piece 

* A fliiiiUtr piece of mechaniem had been pierioasly made by M. If 
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of mechaniam is said to have been springB wUch 
continued their uction only four minutea. As there 
WHS no room, within so small a figure, for accom- 
niodatinj; pipes to produce the great variety of notes 
wliioli were wnrbled, the artist used only one tube, 
and produced all the variety of sounds by sharteaing 
and len^cning it with a moveable piston. 

Iiit,runious as these pieces of mechanism are, they 
sink into insignificance when compared with the 
tnacliinery of M. Vaucansoii, which had previously 
astonished "all Europe. His two principal automata 
were the llute-player and the pipe and tabor-player. 
The flute-player was completed in 1736, and wherever 
it was cxiiibited it produced the greatest sensa- 
tioti. When it came to Paris it was received with 
jcrcut suspicion. The French s^avans recollected 
tlie story of M. Raisin, the organist of Troyes, who 
tixhibited an automaton player upon the harpaidiord, 
which astonished the French court hy the variety 
of its powers. The curiosity of the kin^ could not 
)jc restrained, and in consequence of his insisting 
ujion <:sanuning the mechanism, there 'was found ia 
the Rgare a pretty little musician five years of age. 
It was natural, therefore, thut a similar piece of 
mechanism should be received with some distrust ; 
but lliis fueling was soon removed by M, Vaucanson, 
wlio exhibited and explained to a committee of the 
Academy of Sciences the whole of the mechaaistn. 
This learned body was astonished at the ingenuity 
which it displayed; and they did not hesitate to 
state, that tlie machinery employed for producing 
tlie sounils of the flute performed in the most e]act 
manner the very operations of the most e^nt 
llulc-player, and that the artist had imitated tltt 
c'lFects produced and the means employed by nature, 
with an accuracy which exceeded aU expectatirai. : 
In 173S M. Vancanson published a memoir, approted 
of by the Academy, in which he gave a full descrb- I 
tioa of the roaclime'ty e'[ciij\o'je4, and of the prino- [ 
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ilee of its construction. Following this memoir, 
[ shall therefore attempt to give as popular a de- 
icription of the automaton as can be done without 
engthened details and numerous figures. 

The body of the flute-player was about 6i feet 
ligli, and was placed upon a piece of rock, surround- 
n g a square pedestal 4^ feet high by 3h wide 
9^en the panel which formed the front of the 
)ede8tal was opened, there was seen on the right a 
2lock movement, which, by the aid of seve]:al wheels, 
nve a rotatory motion to a steel axis about 2h 
leet long, having cranks at six equidistant points 
>f its length, but lying in different directions. To 
Mch cnnk was attached a cord, which descended 
ind was tixed by its other end to the upper board 
if a pair of bellows, 2i feet long and 6 inches 
iride. Six pair of bellows arranged along the bot- 
tom of the pedestal were then \vrought, or made to 
dow in succession, by turning the steel axis. 

At the upper face of the pedestal, and upon each 
[Miir of bellows, is a double pulley, one of whose 
rims is 3 inches in diameter, and the other 1^. The 
jord which proceeds from the crank coils round the 
smallest of these pulleys, and that which is fixed to 
he upper board of the bellows goes round the larger 
lolley. By this means the upper board of the bel- 
ows is made to rise higher than if the cords went 
iirectly from them to the cranks. 

Round the larger rims of three of these pulleys, 
nz, those on the right-hand, there are coiled three 
:ords, which, by means of several smaller pulleys, 
«nninate in the upper boards of other three pair 
>f bellows placed on the top of the box. 

The tension of each cord when it begins to raise 
lie board of the bellows to which it is attached 
jives motion to a lever placed above it between the 
uds and the double puUey in the middle and lower 
region of the box. The other end of this lever 
Eeeps open the valve in the lower boacd ol \.\i^ ^^- 
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lowB, and allows tho air to enter freely, while the 
Upper board in rising to incrcaHC the capacity of the 
bellows. Uy this means there is not only power 
gained, in so far as tho air j^ins easier aamission 
through the valve, but the fluttering noise produced 
by the action of the ;iir n[>on Iho valves is entirely 
avoided, and tlio nine pair of l>ellows are wrought 
with ^eat ease, ;uid without any concussion or noisie. 
Thtise nine Ixdlows diHchar^e their wind into three 
different and separate tulies. K^ich tube receives the 
wind of three bellows, the upj)er lioards of one of 
the three pair UnuK loarled with a woifrht of feur 
pounds, those of the: second three pair with a weii^ht 
of two ])oun(lH, and those of the other three pair 
with no weight at all. These three tubes asceiided 
through the body of the fipfiire, and terminated in 
three small reservoirs placed in its trunk. Tbeiie 
rcHf>rvoirs were thus united into one, which, as- 
cending into th(i throat, formed by its enlargement 
llie cavity of tlie mouth terminated by two small 
]i[)H, wlii(rh r(^ste(] upon the hole of the flute. Thene 
lips had tlic powrr of Ofienirifr more or less ; aiifl by 
a parti(Mi]ar mecliauism, they could ;ulvaiic«; or reccdii 
from the hob; in the flute. Within thr cavity of tlie 
iijoiitli tliore is a small moveable ton^ut for oin'Iuii< 
and shut ting the passa^rc for tho wind tlirough the 
Ji])s i)f tJK! fifTiirc. 

The motions of the fliurers, lips, and toninie of tliR 
fiijnre w»Te produced by mrans of a n^volvinff cyl- 
inder thirty inches lont; and twenty-oiu* in dianiftrr. 
){y mraiis of pc^ and bniss staples fix(*d in fifteen 
ditrf-ri'iit divisions in its circumfrn^iirr, fifteen 
diffrrcnt b*vers, similar to thosi; in a liarrt'l-on(an, 
wcri". raisf?d and (lei»n*Kscd. Seven of these r«ini' 
lati-d the motions of the seven finders for stoppiojT 
the holes of the flute, which they did by mean^ef 
slci'l chaiiM risin;; tlirou^h the body and directtHl by 
jMilh ys to the nhoulder, elbow, and finifers. Other 
///rr/' nf the li'viTS coumiumeatiiiiT with the valvr* 
of Uiu tiircc rcservoirtt i^\iu\»\.ci\.W\\^\\\!^\i«»oC Uif 
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\ SO as to produce a stronger or a weaker tone, 
lother lever opened the lips so as to give a free 
ssage to the air, and another contracted them for 
9 opposite purpose. A third lever drew them 
ckwards from the orifice of the flute, and a fourth 
shed them forward. The remaining lever en- 
led the tongue to stop up the orifice of the flute. 
Such is a very brief view of the general mecha- 
»n by which the requisite motions of the flute- 
lyer were produced. The airs which it played 
5re probably equal to those executed by a living 
rformer ; and its construction, as well as its per- 
nuances, continued for many years to delight and 
tonish the philosophers and musicians of Europe. 
Encouraged by the success of this machine, M. 
oicanson exhibited in 1741 other automata, which 
»e equally, if not more, admired. One of these 
IS the automaton duck, which performed all the 
)tion8 of that animal, and not only ate its food, 
t digested it;* and the other was his pipe and 
X)r-player, a piece of mechanism which required 
the resources of his fertile genius. Having begun 
18 machine before he was aware of its peculiar 
ficulties, he was often about to abandon it in des- 
ir, but his patience and his ingenuity combined 
abled him, not only to surmount every difficulty, 
t to construct an automaton which performed 
mplete airs, and greatly excelled the most es- 
smed performers on the pipe and tabor. 
The ngure stands on a pedestal, and is dressed 
e a dancing shepherd. He holds in one hand a 
geolet, and in the other the stick with which he 
ats the tambourin as an accompaniment to the 
•s of the flageolet, about twenty of which it is ca- 
ble of performing. The flageolet has only three 
les, and the variety of its tones depends princi- 
Qy on a proper vanation of the force of the wind, 
d on the different degrees with which the orifices 

*8«eLott«cXL 



190 LETTERS ON NATURAL MAGIC. 

are covered. These variations in the force of the 
wind required to be given with a rapidity which the 
ear can scarcely follow, and the articulation of the 
tongue was required for the quickest notes, other- 
wise the effect was far from agreeable. As the hu- 
man tongue is not capable of giving the requisite ar- 
ticulations to a rapid succession of notes, and gene- 
rally slurs over one-half of them, the automaton was 
thus able to excel the best performers, as it played 
complete airs with articulations of the tongue at 
every note. 

In constructing this machine M. Vaucanson ob- 
served that the flageolet must be a most fatiguing 
instrument for the. human lungs, as the muscles of 
the chest must make an eflbrt equal to 56 pounds in 
order to produce the highest notes. A single ounce 
was sufficient for the lowest notes f so that we may, 
from this circumstance, form an idea of the variety 
of intermediate effects required to be produced. 

While M. Vaucanson was engaged in the construc- 
tion of these wonderful machines, his mind was filled 
with the strange idea of constructing an automaton 
containing the whole mechanism of the circulation 
of the blood. From some birds which he made he 
was satisfied of its practicability ; but as the whole 
vascular system required to be made of elastic gum 
or caoutchouc, it was supposed that it could only be 
executed in the coimtry where the caoutchouc-tree 
was indigenous. Louis XVI. took a deep interest 
in the execution of this machine. It was agreed 
that a skilful anatomiot should proceed to Guyana, 
to supenntend the construction of the blood- vessds, 
and the king had notonly approved of, but had given 
orders for, the voyage. Difficulties, however, were 
thro^vn in the way : Vaucanson became disgusted, 
and tlie scheme was abandoned. 

The two automata which we have described were 
purchased by Professor Bayreuss of Hehnstadt ; bot 
we have not been able \.o \ft^tw^Vve.lhfit or not they 
still exist. 
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TovaidB the end of the seventeenth century a 
bold and almost BUccesBful attempt was made to coo- 
Btnict a talking aulimiaton. In the year 1779, the Im- 
perial Academy of Sciences at St. Petersburg pro- 
posed SB the subject of one of their annual prizes 
an inquiry into the nature of the vowel sounds, A, 
E, I, 0,and U, and the constniction of an instrument 
for artificially imitating them. This prize was 
gained by M. Kratzenstem, who showed that all the 
vowels could be distinctly pronounced by blowing 
through a reed into the lower ends of the pipes of 
the annexed figures, as shown in Pig. 47, wnere the 

Fig. 47. 




corresponding vowels are marked on the different 
pipes. The vowel I is pronounced by merely blowing 
into the pipe a i of the pipe marked I, without the 
use of a reed. 

About the same time that Kratzenstein was en- 
gaged in these researches, M. Kempelea of Vienna, 
a celebrated mechanician, was occupied with the 
same subject. In hia first attempt he produced the 
vowel sounds, by adapting a reea H, Fig. 48, to the 
bottom of a funnel-shaped cavity AB, and placing 
hiahandinvariouspositionswithm the funnel. Thia 
contrivance, however, was not fitted for his purpose ; 
but after long study, and a. diligent exaixuiaJ.w^<A 
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the organs of speech, he contrived a bolknr o?a1 
box, divided into portions attached by a hinge so at 
to resemble jaws. This box received the sound 
which issued from the tube connected with the reed, 
and by opening and closing the jaws, he jnrodneed 
the sounds A, O, OU, and an imperfect E, bat no 
indications of an I. After two years' labour he snc^ 
ceeded in obtaining from different jaws the soonds 

I\g. 48. 




of the consonants P, M, L, and by means of these 
vowels and consonants he could compose syllables 
and words, such as mamma, papa, aula, lama, mulo. 
The sounds of two adjacent letters, however, ran into 
. each other, and an aspiration followed some of the 
consonants, so that instead o(papa the word sounded 
vhaa-ph-a ; these difficulties he contrived with much 
labour to surmount, and he found it necessary to im- 
itate the human organs of speech by having only 
one mouth and one glottis. The mouth consisted 
of a funnel or bell-shaped piece of elastic gum, which 
approximated, by its physical properties, to the soft- 
n(;ss and flexibility of the human organs.* To the 
mouth-piece was added a nose made of two tin 

* Hnd M. Keinpelen known the modern diseorery of gMag 
ehouc any degree of eoAnew, by mixing it with molMMi 
/jr aJwaya abtorbing moisture ftom \b« mUMMQtMvt, he 
UUaed a atill more perlba UnUa.U«k ot ^:te^'QoaaDi«tiinu 
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tubes, which communicated with the mouth. When 
both these tubes were open, and the mouth-piece 
dosed, a perfect M was produced, and when one was 
closed and the other open, an N was sounded. M. 
Kempelen could have succeeded in obtaining the four 
letters D, 6, K, T, but by using a P instead of them, 
and modifying the sound in a p£u*ticular manner, he 
contrived to deceive the ear by a tolerable resem- 
blance of these letters. 

There seems to be no doubt that he at last was 
able to produce entire words and sentences, such 
as, opera, t»4tronomy, Constantinopolis, vous etis mon 
amiy je vous aime de tout mon cceur, venez avec moi d 
PariSf Leopoldus secundus, Romanorum imperator 
semper Augustus, <5fc. ; but he never fitted up a speak- 
ing figure, and probably, from being dissatisfied with 
tiie general result of his labours, he exhibited only 
to lus private friends the effects of the apparatus, 
Which was fitted up in the form of a box. 

This box was rectangular, and about three feet 
long, and was placed upon a table and covered with 
a cloth. When any particular word was mentioned 
by the company, M. Kempelen caused the machine 
lo pronounce it, by introducing his hands beneath the 
doth, and apparently giving motion to some parts 
of the apparatus. Mr. Thomas Collinson, who had 
seen this machine in London, mentions in a letter 
to Dr. Hutton, that he afterward saw it at M. Kem- 
pelen's own house in Vienna, and that he then gave 
it the same word to be pronounced which he gave 
it in London, viz. the word Eaploitatianj which, he 
assures us, it again distinctly pronounced, with the 
French accent. 

M. Kratzenstein seems to have been equally un- 
successful, for though he assured M. De Lalande, 
when he saw him in Paris in 1788, that he had made 
a machine which could speak pretty well, and though 
he showcNi him some of the apparatus by which it 
could sound the vowels, and even sucXi ^^^^^^^S^s^'^s^ 
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fapa and mamma, yet there is no reason to beBeire tli^ 
ne had accomplished more than this. 

The labours of Kratzenstein and Kempelen baft 
been recently pursued with great success by our 
ingenious countryman Mr. Willis of Cambridgs. 
In repeating Kempelen^s experiment, shown in ng. 

48, he used a shaUower cavity, such as that in Fig. 

49, and found that he could entirely dispense wiu 
the introduction of the hand, and could obtain the 

Fig, 49. 




whole series of vowels, by sliding a flat boaid CD 
over the mouth of the cavity. Mr. Willis thea 
conceived the idea of adapting to the reed <^lm- 
drical tubes, whose length coula be varied by slidiiif 
joints. When the tube was ^eatly less than the 
length of a stopped pipe in umson with the reed, it 
sounded I, and by increasing the length of the tidie 
it gave E, A , O, and U in succession. But, what wet 
very unexpected, when the tube was so mnch 
lengthened as to be U times the length of a stopped 

Eipe in unison with the reed, the vowels b^pn to 
e again sounded in an inverted order, viz. U, 0, h% 
K, and then again in a direct order, I, E, A, 0,U, 
when the length of the tube was equid to twice tint 
of a stopped pipe, in unison with the reed. 
Some unportaat diACONetves have bten feoentlf 
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ide by M. Savart respecting the mechanism of 
> human voice,* and we have no doubt that be- 
•e another century is completed a talking and a 
ging machine will be numbered among the con- 
Bsts of science. 



LETTER IX. 

nilar Effbcts in Nature depending on Bound— Permanent Character 
r fl| K » rti I nfloence of great Elevations on the Character of Sounds, 
)d on the Powers of Speech— Power of Sound in throwing down 
oUdings — Dog killed by Sound— Sounds greatly changed under jpar- 
BOlar Circumstances— Great Audibility of Sounds during the Night 
qriained— Sounds deadened in Media of difibrent Densities— Illustrated 
I the Case of a Glass of Champaign, and in that of new-fhllen Snow 
-Remarkable Echoes— Reverberations of Thunder— Subterranean 
oh w Remarkable one at the Solfktenra— Echo at the Menai Suspen- 
on Bridge — Temporary Deaftiess produced in Diving-bells — Inaudi- 
iity of particular Sounds to particular Ears— Vocal Powers of the 
tatae of Memnon— Sounds in granite Rocks— Musical Mountain of 
UNakooB. 

Ilthouoh among the phenomena of the material 
rid there is scarcely one which, when well con- 
ered, is not an object of wonder, yet those which 
have been accustomed to witness from our in- 
cy lose all their interest from the frequency of 
»ir occurrence, while to the natives of other coun- 
is they are unceasing objects of astonishment and 
i^ht. The inhabitant of a tropical climate is 
uounded at the sight of falling snow, and he al- 
•st discredits the evidence of his senses when 
sees a frozen river carrying loaded wagons on 
surface. The diffusion of Imowledge by books, 
well as by frequent communication between the 
ives of different quarters of the globe, have de- 
red this class of local wonders of their inilueacej 

• flee Ximburgh Jounud (/SamccNo. "v^. ^.^tf^ 
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and the Indian and the Scandinavian can rteit each 
othor*8 lands without any violent excitenwot of 
aurpriise. Still, however, there are phonomena of 
rare occurrence, of which no description can ooii> 
vey the idea, and which continue to be as deeply 
mnrkcd with the miirvfillous as if they had beea 
prnviouHly unknown. Amon^ these we may rank 
the rcmancablo modifications which sound utvlergoes 
in particular situations and under particular circun- 
stances. 

In the ordinary intercourse of life, we recoipiise 
individuals as much bv their voiccm as by the fea* 
turns of their face an(i the form of their body. ▲ 
friend who has been long absent will oAmi slfld 
before us as a stranger, till his voice rapplies w 
with the full power of recognition. The brand im- 
printed by time on his outer form mav have eihosd 
the youthful imaf^e which the memory had cheriabed, 
but the orif^inal character of his voice and its yet re- 
menibered Umen will remain unimpaired. 

An old friend with a new face in not more common 
in its moral than in its physical acceptation, and 
thou(^h t!ie ssu(acity of proverbial wisdom hat not 
supplied us with the counterpart in relation to the 
human voice, yet the influence of its immotabihty 
over the mind has been recorded by the pofrt in some 
of his most powerful conceptions. Wnen ManfrMl 
was unable to recoffnise in the hectic phantom of 
Astarte the endear«^ lineaments of the beinif whom 
he loved, the mere utterance of his name recalled 
<* the voice which was his music,** and invested her 
with the desircKl reality. 



Svjr on, Miy < 
I lire bat In (be ■ouad^It to iky valee! 



The permanence of frharacter thus impressed vpon 

spf;cch exists only in thone reipons to whose atmo* 

BpluiTO our vocal OT^di\a axf^ adas^led. If either tkt 
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speaker or the hearer is placed in air differing greatly 
in density from that to which they are accustomed, 
the voice of the one will emit different sounds, or 
the same sounds will produce a different impres - 
sion on the ear of the other. But if both parties 
are placed in this new atmosphere, their tones of 
communication will suffer the most remarkable 
change. The two extreme positions where such 
effecte become sufficiently striking are in the com- 
pressed air of the divmg-beU, when it is immersed 
to a great depth in the sea, or in the rarefied atmo- 
sphere which prevails on the summit of the Himalaya 
«r the Andes. 

fo the region of common life, and even at the 
stillest hour of night, the ear seldom rests from its 
toils. When the voice of man and the bustle of his 
labours have ceased, the sounds of insect life are re- 
doubled, the ni^ht breeze awakens among the rust- 
ling leaves, and the swell of the distant ocean, and 
tiie sounds of the falling cataract or of the murmur- 
ing brook, fill the air with their pure and solemn 
music. The sublimity of deep silence is not to be 
found even in the steppes of the Volga, or in the 
forests of the Orinoco. It can be felt only in those 
]otty regions 

Where the tops of the Andes 
Shoot Boaringly forth. 

As the traveller rises above the limit of life and 
motion, and enters the region of habitual soUtude, 
the death-like silence which prevails around him is 
rendered still more striking by the diminished den- 
sity of the air which he breathes. The voice of 
lu8 fellow-traveller ceases to be heard even at a 
moderate distance, and sounds which would stun 
the ear at a lower level make but a feeble impres- 
sion. The report of a pistol on the top of Mount 
Blanc is no louder than that of «ii Ixv^^n ctl^^^ 

R2 
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But while the thinness of the air thus subdues 
loudest sounds, tlio voice itself undergoes a i 
gular change : the muscular energy by which 
speak experiences a great diminution, and 
powers or utterance, as well as our power of hi 
ing, are thus singularly modified. Were the m 
cian, therefore, who is desirous to impress upon 
victim or upon his pupil the conviction of his su] 
natural power, to carry him, under the injunctioi 
silence, 



-tobretttia 



The dilBcult air of the Iced rooontain** top. 
Where the bLrde dare not build, nor iooect'a wlog 
Flit (^er the berbleoa granite, 

he would experience little difficulty in arretl 
his power over the elements, and stdl less in i 
sequently communicating the same influence to 
companion. 

But though the air at the tops of our higf 
mountain» is scarcoly capable of transmitting sou 
of ordinary intenKity, yet sounds of cxtraontin 
power force their way through its most atteniu 
strata. At elevations where the air is three tb 
sand times more rare than that which we breil 
the explosion of meteors is heard like the soond 
cannon on the surface of the earth, and the wli 
air is often violently agitated by the sound. T 
fact alone may give us some idea of the tremeikb 
nature of the forces which such explosions ere: 
and it is fortunate for our species that they 
confined to the upper regions of the atmospb< 
If the same explosions were to take place in 
dense air which rests upon the earth, our habitatii 
and our lives would be exposed to the most im 
nent peril. 

iiuildings have often been thrown down by i 

lent concussions of the «it, occasioned either bri 

Mouod of great gUDB of \f^ V>^ >3D0Qal^<^ ieb^ ^ 
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most serious effects upon human and animal life 
have been produced by the same cause. Most per- 
sons have experienced the stunning pain produced 
in the ear when placed near a cannon that is dis- 
charged. Deafness has frequently been the result 
of such sudden concussions, and if we may reason 
from analogy, death itself must often have been the 
consequence. When peace was proclaimed in Lon- 
don in 1697, two troops pf horse were dismoimted 
and drawn up in line in order to fire their volleys. 
Opposite the centre of the line was the door of a 
batcher's shop, where there was a large mastiff dog 
of great courage. This dog was sleeping by the 
fire, bat when the first volley was fired, it imme- 
diately started up, ran into another room, and hid 
itself under a bed. On the firing of the second 
volley, the dog rose, ran several times about tjie 
toom, trembling violently, and apparently in great 
agony. When the third volley was fired, the dog 
ran about once or twice with great violence, and 
instantly fell down dead, throwing up blood from 
hiB mouth and nose. 

Sounds of known character and intensity are 
often singularly changed even at the surface of the 
earth according to the state of the ground and the 
conditions of the clouds. On the extended heath, 
where there are no solid objects capable of reflect- 
ing or modifying soimd, the sportsman must fre- 
quently have noticed the unaccoimtable variety of 
sounds which are produced by the report of his 
ibwling-piece. Sometimes they are flat and pro- 
longed, at other times short and sharp, and some- 
times the noise is so strange that it is referred to 
some mistake in the loading of the gun. These 
yariations, however, arise entirely from the state 
of the air, and from the nature and proximity of 
the superjacent clouds. In pure air of uniform 
density the sound is sharp and soon over, as the 
imdnlations of the air advance m^oxsX «s^ *\s^j£^< 
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rupting obstacles. In a foggy atmosphere, or where 
the vapours produced by heat are seen dancing, as 
it were, in the air, the sound is dull and prolonged; 
and when these clouds are immediately overtead, 
a succession of echoes from them produces a con- 
tinued or a reverberating sound. When the French 
astronomers were determining the velocity of sound 
by firing great guns, they observed that the report 
was always single and shajrp under a perfectly clear 
sky, but indistinct, and attended by a long con- 
tinued roll Uke thunder, when a cloud covered a 
considerable part of the horizon. It is no doubt 
owing to the. same cause, namely, the reflection 
from the clouds, that the thunder rolls throuj^ the 
heavens, as if it were produced by a succession of 
electric explosions. 

The great audibility of sounds during the nigfat 
is a phenomenon of considerable interest, and one 
which had been observed even by the ancients. In 
crowded cities, or in their vicinity, the effect was 
generally ascribed to the rest of animated beini^ 
while in localities where such an explanation was 
inapplicable, it was supposed to arise from a favour- 
able direction of the prevailing wind. Baron Hum- 
boldt was particularly struck witli this phenomenon 
when he first heard the rushing of the great cata- 
racts of the Orinoco in tlie plain which sarroands 
the mission of the Apures. These sounds lie re- 
garded as three times louder during the nigfat tlun 
during the day. Some authors ascribed this fact 
to the cessation of the humming of insects, the 
singing of birds, and the action of the wind on the 
leaves of the trees ; but M. Humboldt justly main- 
tains that this cannot be the cause of it on the 
Orinoco, where the buzz of insects is much louder 
in the night tlian in the day, and where the breeze 
never rises till after sunset. Hence he was led to 
ascril)e the phenomenon to the perfect transparency 
juid miiform density ol VYi<& ^u^ ^\i^ t»^ exiirt 
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only at night after the heat of the ground has been 
uniformly diffused through the atmosphere. When 
the rays of the sun have been beating on the ground 
doling the day, currents of hot air of different 
temperatures, and consequently of different densi- 
ties, are constantly ascending from the groimd and 
mixing with the cold air above. The air thus ceases 
to be a homogeneous medium, and every person 
must have observed the effects of it upon objects 
seen through it which are very indistinctly visible, 
and have a tremulous motion, as if they were 
** dancing in the air." The very same effect is per- 
ceived when we look at objects through spirits and 
imter that are not perfectly mixed, or when we 
view distant objects over a red-hot poker or over 
a flame. In all these cases the light suffers refrac- 
tion in passing from a medium of one density into 
a medium of a different density, and the refracted 
rays are constantly changing their direction as the 
different currents rise in succession. Analogous 
effects are produced when sound passes through a 
mixed medium, whether it consists of two different 
mediums or of one medium where portions of it 
have different densities. As soimd moves with dif- 
ferent Velocities through media of di£ferent densities, 
the wave which produces the sound wiU be partly 
leflected In passing from one medium to the other, 
and the direction of the transmitted wave changed ; 
and hence in passing through such media different 
portions of the wave will reach the ear at different 
times, and thus destroy the sharpness and distinct- 
ness of the sound. This may be proved by many 
striking facts. If we put a bell in a receiver con- 
taining a mixture of hydrogen gas and atmospheric 
air, the sound of the bell can scarcely be heard. 
During a shower of rain or of snow, noises are 
greatly deadened, and when sound is transmitted 
along an iron wire or an iron pipe of sufficient length, 
we actually hear two sounds, one ttaxismittfed \!Qlq;v^ 
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rapidly through the solid, and the other more slowly 
through the air. The same property is wett illus- 
trated by an elegant and easily repeated experiment 
of Chladni's. When sparkling champaign is poured 
into a tall glass till it is half full, the glass loses its 
power of ringing by a stroke upon its edge, and 
emits only a disagreeable and pufiy sound. This 
effect will continue while the wine is filled with 
bubbles of air, or as long as the effervescence lasts; 
but when the effervescence begins to subside, the 
sound becomes clearer and clearer, and the glass 
rings as usual when the air-bubbles have vanidied. 
If we reproduce the effervescence by stirring the 
champaign with a piece of bread, the glass will 
again cease to ring. Tlie same experiment will 
succeed with other effervescing fluids. 

The difference in the audibility of sounds that 
pass over homogeneous and over mixed media is 
sometimes so remarkable as to astonish those who 
witness it. The following fact is given on the evi- 
dence of an officer who observed it : — ^When the 
British and the American forces were encamped on 
each side of a river, the outposts were so near that 
the form of individuals could be easily distinguished. 
An American drummer made his appearance, and 
began to beat his drum, but though the motion of 
his arms were distinctly seen, not a single sound 
reached the ear of the observer. A coating of snow 
that had newly fallen upon the ground, and the thick- 
ness of the atmosphere, had conspired to obstruct 
tlie sound. An effect the very reverse of this is 
produced by a coating of glazed or hardened snow, 
or by an extended surface of ice or water. Liett- 
tenant Foster was able to carry on a conversation 
with a sailor across Port Bowen harbour, a distance 
o{ no less than a mile and a quarter, and the sound 
of great guns has been heard at distances varying 
from 120 to 200 miles. Over hard and dry groona 
o/ a uniform character, oi w\iex« ^ XibisL soil lesU 
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>n a continuous stratum of rock, the sound is 
urd at a great distance, and hence it is the prac- 
3 among many Eastern tribes to ascertain the 
iroach of an enemy by applying the ear to the 
»und. 

dany remarkable phenomena in the natural world 

produced by the reflection and concentration of 

ind. Every person is familiar with the ordinary 

which arises from the reflection of sound from 
even surface, such as the face of a wall, of a 
ise, oi a rock, of a hill, or of a cloud. As sound 
yes at the rate of 1090 feet in a second, and as 

sound which returns to the person who emits it 

1 travcdled over a space equal to twice his distance 
m the reflecting surface, the distance in feet of 

body which occasions the echo may be readily 
nd by midtiplying 645 by the number of seconds 
ich elapse between the emission of the sound 
I its return in the form of an echo. This kind of 
10, where the same person is the speaker and the 
irer, never takes place unless when the observer 
mmediately in front of the reflecting surface, or 
en a line drawn from his mouth to the flat surface 
learly perpendicular to it, because in this case 
ae the wave of soimd is reflected in the very 
le direction from the wall in which it reaches it. 
ihe speaker places himself on one side of this 
», then the echo will be heard most distinctly by 
>ther person as far on the other side of it, because 
waves of sound are reflected like light, so that 
angle of incidence, or the inchnation at which 
sound falls upon the reflected surface, is equal 
;he angle of reflection, or the inclination at which 
sound is returned from the wall. If two persons, 
refore, are placed before the reflecting wall, the 

> will hear the echo of the sound emitted by the 
cr, and obstacles may intervene between these 

> persons so that neither of them hears the direct 
ind emitted by the other ; in the ft^xoft xoaxssKt -^ 
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the same persons similarly placed before a lookin|^ 
glass would see each other distinctly by reflection, 
though objects might obstruct their direct view of 
each other. 

Hitherto we have supposed that there is only one 
reflecting surface, in which case there will be only 
one echo : but if there are several reflecting sur- 
faces, as is the case in an amphitheatre of moun- 
tains, or during a thunder-stprm, where there are 
several strata or masses of clouds ; or if there ars 
two parallel or inclined surfaces between which the 
soimd can be repeatedly reflected, or if the surface 
is curved so that the sound reflected from one part 
falls upon another part, like the sides of a polygon 
inscribed in a circle, — in all these cases there will 
be numerous echoes, which produce a very singular 
effect. Nothing can be more grand and sublime than 
the primary and secondary echoes of a piece of ori- 
nance discharged in an amphitheatre or precipitoai 
mountains. The direct or primary echoes from 
each reflecting surface reach the ear in successioOi 
according to their different distances, and these are 
either blended with or succeeded by the secondarr 
echoes, which terminate in a prolonged growl end- 
ing in absolute silence. Of the same character are 
the reverberated claps of a thunder-bolt reflected 
from the surrounding clouds, and dying away in the 
distance. The echo which is produced by parallel 
walls is finely illustrated at the Marquis of Siroon- 
etta^s villa near Milan, which has been described by 
Addison and Keysler, and which we believe is that 
described by Mr. Southwell in the Philosophical 
Transactions for 1746. Perpendicular to the main 
body of tins villa there extend two parallel wings 
about fifty-eight paces distant from each other, and 
the surfaces of which are unbroken either with doors 
or windows. The sound of the human voice, or 
rather a word quickly pronounced, is repeated above 
forty timeSi and the report of a pistol irom fifty-six 
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sixty times. The repetitions, however, follow in 
:h rapid succession that it is difficult to reckon 
im, unless early in the morning before the equal 
iperature of the atmosphere is disturbed, or in a 
m still evening. The echoes appear to be best 
ird from a window in the main building between 
I two projecting walls, from which the pistol also 
ired. Dr. Plot mentions an echo in Woodstock 
rk which repeats seventeen syllables by day and 
3nty by night. An echo on the north side of 
ipley church in Sussex repeats twenty-one sylla- 
8. Sir John Herschel mentions an echo in the 
nfroni palace at Venice, where a person standing 
the centre of a square room about twenty-five 
t high with a concave roof, hears the stamp of 
foot repeated a great many times, but as his 
lition deviates from the centre, the echoes become 
bier, and at a short distance entirely cease. The 
ae phenomenon, he remarks, occurs in the large 
»m of the library of the museum at Naples. M. 
nefay has described as existing near Rouen a 
ious oblique echo which is not heard by the per- 
i who emits the sound. A person who smgs 
ITS only his own voice, while those who listen 
ur only the echo, which sometimes seems to ap- 
>ach, and at other times to recede from the ear; 
3 person hears a single sound, another several 
mds, and one hears it on the right and another 
the left, the effect always changing, as the hearer 
mges his position. Dr. Birch has described an 
traordinury echo at Roseneath in Argyleshire, 
ich certamly does not now exist. When eight 
ten notes were played upon a trumpet, they were 
Tectly repeated, but on a key a third lower, 
ter a short pause another repetition of the notes 
s heard in a still lower tone, and after another 
)rt interval they were repeated in a still lower 
le. 

[n the same manner as light is always lost b^ ^^^ 

8 
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flection, so the waves of sound are enfeebled b^ re- 
flection from ordinary surfaces, and the echo is in 
such cases fainter than the original sound. If the 
reflecting surface, however, is circular, sound may 
be condensed and rendered stronger in the same 
manner as hght. I have seen a fine example of this, 
in the circular turn of a garden wall nearly a mile 
distant from a ^eir across a river. When the air 
is pure and homogeneous, the rushing sound of the 
water is reflected from the hollow surface of the 
wall, and concentrated in a focus, the place of which 
the ear can easily discover from the intensity of the 
sound being there a maximum. A person not ac- 
quainted with the locality conceives that thenishing 
noise is on the other side of the walL 

In whispering galleries, or places where the low- 
est whispers are carried to distances at which the 
direct sound is inaudible, the sound may be conveyed 
in two ways, either by repeated reflections from t 
curved surface in the direction of the sides of a 
polygon inscribed in a circle, or where the whim- 
perer is in the focus of one reflecting surface, and 
the hearer in the focus of another reflecting surface, 
which is placed so as to receive the reflected sounds. 
The first of these ways is exemplified in the whis- 
pering gallery of St. Paul's and in the octagonal 
gallery of Gloucester Cathedral, which conveys a 
whisper 75 feet across the nave, and the second in 
the baptistery of a church in Pisa, where the archi- 
tect Giovanni Pisano is said to have constnicteilthe 
cupola on purpose. The cupola has an elliptical 
form, and when one person whispers in one focus, 
it is distinctly heard by the person placed in the 
other focus, but not by those who are placed betweea 
them. The sound first reflected passes across the 
cupola, and enters the ears of the intermediate per- 
sons, but it is too feeble to be heard, till it has been 
condensed by a second reflection to the other focus 
of tllipse, A naval oi&ceT^ y(\\o travelled through 
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Sicily in the year 1824, ^ves an account of a pow- 
erful whispering place in the cathedral of Girgenti, 
wrhere the slightest whisper is carried with perfect 
listinctness through a distance of 250 feet, from the 
apreat western door to the cornice behind the high 
iltar. By an unfortimate coincidence, the focus of 
me of the reflecting surfaces was chosen for the 
olace of the confessional, and when this was acci- 
lentally discovered, the lovers of secrets resorted 
to the other focus, and thus became acquainted with 
confessions of the gravest import. This divul^ence 
of scandal continued for a considerable time, till the 
eager curiosity of one of the dilettanti was punished, 
by hearing his wife's avowal of her own infidelity. 
l!iu8 circumstance gave publicity to the whispering 
peculiarity of the cathedral, and the confession^ 
was removed to a place of greater secrecy. 

An echo of a very peculiar character has been de- 
scribed by Sir John Herschel in his Treatise on 
Sound, as produced by the suspension bridge across 
the Menai strait in Wales. • " The sound of a blow 
with a hammer," says he, ** on one of the main piers, 
18 returned in succession from each of the crossbeams 
which support the road-way, and from the opposite 
pier at a distance of 576 feet ; and in addition to 
this, the sound is many times repeated between the 
water and the road-way. The effect is a series of 
sounds which may be thus written : the first re- 

Fig, 60. 



P 



' 



turn is sharp and strong from the road-way over- 
head ; the rattling which succeeds dies away rapidly, 
but the single repercussion from the opposite pier 
is very strong, and is succeeded by a faint palpita- 
tion repeating the sound at the lale oi Vw^ti^^-^Ygs^. 
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times in five seconds, and which, therefore, corres- 
ponds to a distance of 184 feet, or very nearly 
the double interval from the road-way to the water. 
Thus it appears that in the repercussion botweea 
the water and road-way, that from the latter only 
aflfects the oar, the lino drawn from the auditor to 
the water being too ol)lique for the sound to diverge 
sufficiently in that direction. Another peculiarity 
deserves especial notice, namely, that the echo from 
the opposite pier is best heard when the auditor 
stands precisely opposite to the middle of the breadth 
of the pier, and strikes just on that point. As it 
deviates to one or the other side, the return is pro- 
portionally fainter, and is scarcely heard l^liini 
when his station is a little beyond the extreme edge 
of the pier, though another person stationed (on the 
same side of the water) at an equal distance from 
the central point, so as to have the pier between 
them, hears it well." 

A remarkable subterranean echo is often heard 
when the hoofs of a hofse or the wheels of a carriage 
pass over particular spots of ground. This sound 
IS frequently very similar to that which is pro- 
duced in passing over an arch or vault, and is com- 
monly attril)uted to the existence of natural or ar- 
tificial caves beneath. As such caves have ofl^n 
been constructed in times of war as places of secu- 
rity for persons and property, many unavaihng at- 
tempts have been mfide to discover hidden trea- 
sures where their locality seemed to be indicated 
by subterr:meou3 sounds. But though these sounds 
are sometimes produced by excavations in the 
ground, yet they generally arise from the nature 
of the materials of which the ground in compOMrd, 
and from their manner of combination. If the hol- 
low of a rOfUl has hmm filled up with broken rock, 
or with large watf-r-worn stones, havini; hollows 
either left entirely empty, or filled up with materials 
of di/ferent density, lUeu \\\^ «o\)iiui Nvill be reflected 
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in passing from the loose to the dense materials, 
and there will arise a great number of echoes reach- 
ing the ear in rapid succession, and forming by 
their union a hollow rumbling sound. This prin- 
ciple has been very successfully applied by Sir John 
Herschel to explain the subterranean sounds with 
which every traveller is familiar who has visited the 
Solfaterra near Naples. When the ground at a 
particular place is struck violently by throwing a 
targe stone against it, a peculiar hoUow sound is 
distinctly heard. This sound has been ascribed by 
some geologists to the existence of a great vault 
communicating with the ancient seat of the volcano, 
by other writers to a reverberation from the sur- 
rounding hills with which it is nearly concentric, 
and by others to the porosity of the groimd. Dr. 
Daubeny, who says that the hollow soimd is heard 
when any part of the Solfaterra is struck, accounts 
for it by supposing that the hill is not made up of 
one entire rock, but of a number of detached blocks, 
which, hanging, as it were, "by each other, form a 
sort of vault over the abyss within which the vol- 
canic operations are going on.* Mr. Forbes, who 
has given the latest and most interesting description 
of this singular volcano,t agrees in opinion with Dr. 
Daubeny, while Mr. ScropeJ and Sir John Herschel 
concur in opinion that no such cavities exist. " It 
seems most probable," says the latter, " that the 
hollow reverberation is nothing more than an as- 
semblage of partial echoes arising from the reflection 
of successive portions of the original soimd in its 
progress through the soil at the mnumerable half- 
coherent surfaces composing it: were the whole 
soil a mass of sand, these reflections would be so 
strong and frequent as to destroy the whole impulse, 

* Dflneription of Volcanoen, p. 170. 
I Bihthurgk Journal of Scieoieej N. Series, No. L p. 194. 
i CoiudderBtionfi on Volcanoes, and Edmbitrgh Journal of ScUnct 
Hbu IX, p. 26L and No. xiv. p. 265. 
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in too short an interval to allow of a distinguishable 
after-sound. It is a case analogous to that of a 
strong light thrown into a milky medium or smoky 
atmosphere; the whole medium appears to shine 
with a nebulous undefined light. This is to the eye 
what such a hollow sound is to the ear."* 

It has been recently shown by M. Savart that 
the human ear is so extremely sensible as to be ca- 
pable of appreciating sounds which arise from about 
twenty-four thousand vibrations in a second, and 
consequently, that it can hear a sound which lasts 
only the twenty-four thousandth part of a second. 
Vibrations of such frequency afford only a shrill 
squeak or chirp ; and Dr. WoUaston has shown that 
there are many individuals, with their sense of hear- 
ing entire, who are altocrethcr insensible to such 
acute sounds, though others are painfully affected by 
them. Nothing, as Sir John Herschel remarks, ran 
be more surprising than to see two pf:rson.s, nfith^r 
of them deal, the one complainincrof tho penr'tratmz 
shrillness of a sound, whilu thf other maintnin*! 
there is no sound at all. Dr. WoUaston h?!.* al*o 
shown that this is true also of xcry crave !»^)un'f':. 
80 that the hearinc or not hearine of niu«fical no!^* 
at both extremities of the scale seems to Af\^^\ 
wholly on the pitch or frequency of viJirati''»n cjt*- 
stitutintr the note, and not upon the iiit^R«:!y or 
loudness of the noise. This affection of t?.e e^r 
somt tirnt-s appears in rases of common derifne--. 
wh»*n' a >hrill tone of voice, such as that of W'Ti-n 
and cliiMrirn. i> oft* n better heard than the loi>i ani 
deeper tone of men. 

Dr. WoUaston remarked, that when the month 
and nose are .shut, th^ tympanum or drim r-.' ::.e 
car may bf so exhausted by a forriSle atu-mpt ?> 
take breath by th^ expan-'ion of the chest; th* 
pressure of the ex tenia] air upon the membrane 

• Alt. S«iai4, ^c^d. Uoiov. (, \Vs. 
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tried it, found himself very little relieved by this 
remedy. After some minutes, we resumed our de- 
scent. My friend suffered considerably: he was 
pale ; his lips were totally discoloured ; his ap- 

Searance was that of a man on the point of faintini^; 
e was in involuntary low spirits, owing, perhaps, 
to the violence of the pain, added to tlmt kind of 
apprehension which our situation unavoidably in- 
spired. This appeared to me the more remarkable 
as my case was totally the reverse. I was in a 
state of excitement resembling the effect of some 
spirituous liquor. I suffered no pain ; I experienced 
only a strong pressure round my head as if an iroa 
circle had l^eu bound about it. I spoke wiUi the 
workmen, and had some difficulty in hearing them. 
This difficulty of hearing rose to such a height, tba; 
during three or four minutes I could not hear them 
speak. I could not, indeed, hear myself speak, 
though I spoke as loudly as possible ; nor did even 
the great noise caused by the violence of the cur- 
rent against the sides of the bell reach my ears." 

The eflTect thus described by Dr. CoUadon is dif- 
ferent from that anticipated by Dr. WoUaston. He 
was not merely deaf to low tones, but to all sound:! 
whatever ; and I have found by repeated experiment, 
that my own ears become perfectly insensible even 
to the shrill tones of the female voice, and of the 
voice of a child, when the drum of the ear is thrown 
into a state of tension by yawning. 

With regard to sounds of high pitch at the othf r 
extremity of the scale. Dr. WoUaston ha.s met with 
persons, whose hearing was in other respects per- 
fect, who never heard the chirping of the Gryllus 
campcstris, which commonly occurs in lu'dges during 
a summer's oveninc:, or that of the house-cricket, 
or the squeak of tlie bat, or the chirping of the 
common house-sparrow. The note of the hsX is a 
full ortavt' higher than that of the sparrow ; and 
Dr. WoUaston beUeveft V\^ X\y& \!kiA& qC aome in- 
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sects may reach one octave more, as there art 
soands decidedly higher than that of a small pipe, 
mie-fourth of an inch in length, which he conceires 
cannot be far from six octaves abore the middle E 
of the {Hano-forte. '* The suddenness of the transi- 
tion," says Dr. Wollaston, " from perfect hearing to 
total want of perception, occasions a degree of sur- 
prise, which renders an experiment on this subject 
with a series of small pipes among several persons 
rather amusing. It is curious to observe the change 
of feeling manifested by various individuals of the 
party, in succession, as the soimds approach and 
pSBB the limits of their hearing. Tliose who enjoy 
a temporary triumph are often compelled in their 
tnm to acknowledge to how short a distance their 
little superiority extends." In concluding his in- 
teresting paper on this subject, Dr. Wollaston con- 
jectures that animals like the grylli (whose powers 
of hearing appear to commence nearly where ours 
terminate) may have the power of hearing still 
sharper sounds which at present we do not know 
to exist, and that there may be other insects hav- 
ing nothing in common with us, but who are en- 
dowed with a power of exciting, and a sense of 
perceiving vibrations which makes no impression 
upon our organs, while their organs are equally 
insensible to the slower vibrations to which we are 
accustomed. 

With the view of studying the class of sounds 
inaudible to certain ears, we would recommend it 
to the young naturalist to examine the sounds 
emitted by the insect tribe, both in relation to their 
effect upon the human ear, and to the mechanism by 
which they are produced. The CicadaB or locusts 
in North America appear, from the observations of 
1>T. Hildreth,* to bo furnished with a bagpipe on 
which they play a variety of notes. " When any 

*JBtUnburgh Jounud qf Seievuc, lio. is^. ^A^A, 
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one pasfies," sayn he, " thoy make a ^nrtsat noise and 
Bcrciuiiin^ with their air-blaiMer or bafqjipes. These 
Im^s are placcfl under, and rather behind, the wings 
in the axilla, Homethini;^ in the manner of wfini; the 
baf^pifjes with the huffH unrler the arms, — I could 
compare them to nothinf^ else ; and, indeed, I sus- 

{)t'('X the first inventor of the instrument borrowed 
lis ide:ts from some insect of this kind. They pl»y 
a variety of notes and sounds, one of which nearly 
imitates the sf;ream of the tree-toad." 

Amon^ the acoustic wonders of the natural world 
may be ranked the vocal fK)wers of the statue of 
Meinrion, the son of Aurora, which mrKifrn dis- 
eoveries liave withdrawn from anion^ the fables of 
nncricnt K^ypt. 'J*he liistory of this remarkalile 
statue is involved in much obscurity. Althouch 
Stralx) afllrnis that it wits overturned by an earth- 
quake, yet as Kfrypt exhibits no traces of such a 
rorivulsioii, it has been (fenerdly ticlievrd that 
i\ui stilt lie was mutilatiid by ('ainbyses. Ph. fa-sw- 
liiis, in liis dissertation on voru\ or speakiii^r stnni-s 
quotes the remark of the sclioliast in Juvenal. **thiit 
wlieii iiititilated by (/ambyses, the statue which sa- 
luted hot It the sun and tht; kin^ afterward saiiiteii 
only the sun." I'hilostratus, in his Life of Apollo, 
iurorms us that the, statue looked to the e:ist, ami 
that it spoke, :is soon iia the rays of tlic; risini; sun 
fell upon its mouth. Pausanias, who saw the 
statue in its dismantled state, says that it is a statiio 
of the; SUM, tliat tlie Kiryptians call it i'bamenophis, 
nnd not Memnon, and that it rmits xuunds rrrry 
fiiufuinu; at xiiiuisf^ inhirh rrtn he comjnirtd only /'» 
thitt of thv hmifiiu!^ of tht: xtnn»r of a li/rr. StraN) 
spe.iks only of a sintrle sound which he heanl: but 
.liiveiial, who had proh;il)|y h«'ard it often diirini; 
his stay in K^ypt, describes it as if it emitted hct- 
t-ral sounds. 

Dlriiiillu iimi^icii* n'wifiniit ulii Mcmnona rborda*. 
Whnni brukvu Mi'iuimu m>\u\^Yvv» i»»va «L\Naf|u 
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The simple sounds which issued from the statue 
were in the progress of time magnified into intelli- 
gible words, and even into an oracle of seven verses, 
and this prodigy has been recorded in a Greek in- 
scription on the left leg of the statue. But though 
this new faculty of the colossus was evidently the 
contrivance of the Egyptian priests, yet we are not 
entitled from this to caU in question the simple and 
perfectly credible fact that it emitted sounds. This 
property, indeed, it seems to possess at the present 
day ; for we learn* that an English traveller, Sir 
A. Smith, accompanied with a numerous escort, 
examined the statue, and at six o'clock in the mom- 
ing he heard very distinctly the sounds which had 
b^n so celebrated in antiquity. He asserts that 
this sound does not proceed from the statue, but 
from the pedestal ; and he expresses his belief that 
it arises from the impulse of the air upon the stones 
of the pedestal, which are arranged so as to produce 
this surprising effect. This singular description is 
to a certain extent confirmed by the description of 
Strabo, who says that he was quite certain that he 
heard a sound which proceeded either /rom the hose, 
or from the colossus, or from some one of the as- 
sistants. As there were no .Egyptian priests in the 
escort 6f Sir A. Smith, we may now safely reject 
this last, and, for many centuries, the most probable 
hypothesis. 

The explanation suggested by Sir A. Smith had 
been previously given in a more specific form by M. 
Dussaulx, the translator of Juvensd. " The statue," 
says he, " being hollow, the heat of the sun heated 
the air which it contained, and this air, issuing at 
some crevice, produced the sounds of which the 
priests gave their own interpretation." 

Rejecting this explanation, M. Langles, in his dis- 
sertation on the vocal statue of Memnon, and M. 

* Rerae Encyclopediaue, 1821, torn. bi. ^. SQl- 
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Salverte, in his work on the occult sciences, hare 
ascribed the soumlH entirely to E^ptian pricMcraft. 
and have even ^one so far as to aescribe the irn*- 
chanism by wbifli the statue not only eraittnl 
sounds, but articnlatt'd distinctly the intonations 
appropriate to the stiven K}ry|)tian vowels, and con- 
secrat(;d to the seven planets. M. Lanirles r*m- 
ceivcs that the sounds may be produced b^ a K«*rieM of 
hammers, which strike; ertiuT the frranite itself, or 
sonorous stones like; those tbat have Inmr \toen usnl 
in C'hina for musical instruments. M. Salverte im- 
proves this iniperf<*ct apparatus, by suppusinfr tliat 
there mi^ht be adapted to these hammers a clepsy- 
dra or watf;r-clock, or any other instrument fitted to 
measure time, and so constructed as to put the 
hanuners in motion at sunrise. Not satisfied with 
this supf>osition, he, conjectures that the sprinir of all 
this mechanism was to be found in the art of con- 
centratinj^ the rays of the sun, which was well known 
to the ancients. Between the li{m of the statiif. or 
in some Irrss remarkable part of it, concealed fnnu 
view by its hei^lit, he conceives an aperture !»» h- 
perforated, containing a lens or a mirror cafKihic of 
condensing tlie rays of tlie rising sun upon om- ei 
more metallic levers, which by their expansion \*ul 
in motion the seven hammers in succession, f i< rii u 
he explains why the sounds were emitted only at 
sunrise, and when tlie solar rays fell uinm the mouth 
of the statue, and why they were nev<:r ajfain h»'ar i 
till the sun rc?turned to the eastern horizciu. A> a 
piece of meelianism, this contrivance is defrclivi- 
in not providing for the rlianire in the sun's siinpl:- 
tude, which is very considerable even in Kjrypt; U*r 
as the stature anrl the lens are Ixjth fixer!, and as Un- 
sounds were heanl at all seasons of the year. th»' 
same lens which tlirew the mid.sununer niys of tb* 
sun upon the hammers eould not possibly throw 
upon tliem his ra\s in winter. Ihit even if the nw- 
chintry were prrf<ret, \\ \s obNvoui^ ihidt it could not 
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hare smrived the mutilation of the statue, and could 
not, short of a miracle, have performed its part in 
the time of Sir A. Smith. 

If we abandon the idea of the whole beinj]^ a trick 
of the priesthood, which has been generally done, 
and which the recent observations of Sir A. Smith 
authorize us to do, we must seek some natural cause 
for the phenomena similar to that suggested by Dus- 
saulx. It is curious to observe how the study of 
nature gradually dispels the consecrated delusions 
of ages, and reduces tp the level of ordinary facts 
D^at time had invested vnth all the characters of 
the supernatural : and in the present case it is no 
less Temarkable that the problem of the statue of 
Memnon should have been first solved by means of 
an observation made by a solitary traveller wander- 
ing on the banks of the Orinoco. " The granitic 
rock," says Baron Humboldt, " on which we lay, is 
one of those where travellers on the Orinoco have 
heard from time to time, towards sunrise, subter- 
raneous sounds resembling those of the organ. The 
missionaries call these stones loxas de musica, ' It 
is witchcraft,' said our young Indian pilot. We 
never ourselves heard these mysterious somids either 
at Carichana Vieja or in the upper Orinoco ; but 
from information given us by witnesses worthy of 
belief, the existence of a phenomenon that seems 
to depend on a certain state of the atmosphere can- 
not be denied. The shelves of rock arc lull of very 
narrow and deep crevices. They are heated during 
the day to about 60®. I often found their tempera- 
ture at the surface during the night at 39°, the sur- 
rounding atmosphere being at 2^. It may easily be 
conceived that the difference of temperature between 
the subterraneous and the external air attains its 
maximum i^ut sunrise, or at that moment which 
is at the same time farther from the period of the 
maximum of the heat of the preceding day. May 
not these sounds of an organ, theT\,vj\sk\\'^\^ViRria^ 

T 
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when a person sleeps upon the rock, his are in con- 
tact with the stone, be the effect of a current of air 
that issues out through the crevices ? Does not the 
impulse of the air against the elastic spangles of 
mica that intercept the crevices contribute to modify 
the sounds ? May we not admit that the ancient in* 
habitants of Egypt, in passing incessantly up and 
down the Nile, had made the same observation on 
some rock of the Thebaid, and that the music of 
the rocks there led to the jugglery of the priests in 
the statue of Memnon ?" 

This curious case of the production of sounds in 
granite rocks at sunrise might have been 
as a transatlantic wonder which Mras not 
to Egypt ; but by a singular coincidence of 
tion, MM. Jomard, Jollois, and Devilliers, who were 
travelling in Egypt nearly about the same time that 
M. Humboldt was traversing the wilds of South 
America, heard at sunrue^ in a monument of ^ranUt^ 
situated neur the centre of the spot on which the 
palace of Ccirnac stands, a noise resembling that of a 
breaking string, tlie very expression by wfiich Pau- 
sanias characterizes the sound in the Memnonian 
granite. The travellers regarded these sounds a.H 
arising from the transmission of rarefied air throujli 
the crevices of a sonorous stone, and they were of 
the same opinion with Humboldt, that these sounds 
might have suggested to the Egyptian priests the jus- 

fleries of the Memnonium, Is it not strange that the 
'russian and the French travellers should not have 
gone a step farther, and solved the problem of two 
thousand years, by maintaining that the sound of 
the statue of Memnon was itself a natural phenom- 
enon, or a granite sound elicited at sunrise by the 
very same causes which operated on the Ormoco 
and in the Temple of Camac, in place of regarding 
it as a trick in imitation of natural sounds ? If, as 
Hnm})oldt supposes, the ancient inhabitants of Cgypt 
had, in passing inccssanUy u^ and down th% Nile, 
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become familiar with the music of the granite rocks 
of l^e Thehaid, how could the imitation of such 
natural and familiar sounds be regarded by the priests 
as a means of deceiving the people ! There could 
be nothing marvellous in a colossal statue of granite 
giving out the very same soimds that were given 
out at the same time of the day by a granite rock : 
and in place of reckoning it a supernatural fact, tlioy 
could regard it in no other light than as the dupli- 
cate of a well-known natural phenomenon. It is a 
mere conjecture, however, that such sounds were 
common in the Thebaid, and it is therefore probable 
that a granite rock, possessing the property of emit- 
ting smmds at sunrise, had been discovered by the 
priests, who were at the same time the philosophers 
of Ejgypt, and that the block had been employed in 
the formation of Ihe Memnonian statue for the pur- 
pose of impressing upon it a supernatural character, 
and enabling them to maintain their influence over a 
credidous people. 

The inquiries of recent travellers have enabled us 
to corroborate these views, and to add another re- 
markable example of the influence of subterraneous 
sounds over superstitious minds. About three 
leagues to the north of Tor, in Arabia Petraea, is a 
mountain, witliin the bosom of which the most sin- 
gular sounds have been heard. Tlie Arabs of the 
desert ascribe these sounds to a convent of monks 
preserved miraculously under gromid, and the sound 
is supposed to be that of the Nakous, a lone narrow 
metallic ruler suspended horizontally, which tho 
priest strUces with a hammer for the purpose of as- 
sembling the monks to prayer. A Greek was said 
to have seen the mountain open, and to have de- 
scended into the subterranean convent, where he 
found fine gardens and delicious water ; and, in order 
to give proof of his descent, he produced some frag- 
ments of consecrated bread, which he pretended to 
have brought from the subten^Mv&^si ^iovct^^jX. 'W'^ 
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inhabitants of Tor likewise declare that the cameto 
are not only frightened, but rendered furioiis, irbim 
they hear these subterraneous sounds. 

M. Seetzen, the first European trayeller who tis- 
ited this extraordinary mountain, set oat from 
Wodyel Nackel on the 17th of June at 5 o'clock in 
the morning. He was accompanied by a Greek 
Christian and some Bedouin Arabs ; aiid after a 
quarter of an hour's walk, they reached the foot of 
a majestic rock of hard sandstone. The mountain 
itself was quite bare, and entirely composed of it. 
He found inscribed upon the rock several Greek and 
Arab names, and also some Koptic characters, which 
proved that it had been resorted to for centorifli. 
About noon the party reached the foot of the monn- 
tains called Nakous, where at the foot of a ridge they 
beheld an insulated peaked rock. This mountain 
presented upon two or its sides two sandy declivities 
about 150 feet high, and so inclined that the white 
and slightly adhering sand which rests upon its sur- 
face is scarcely able to support itself; and when the 
scorching heat of the sun destroys its feeble cohe- 
sion, or when it is agitated by the smallest motion.**, 
it slides down the two acclivities. These declivities 
unite behind the insulated rock, forming an acute 
angle, and, like the adjacent surfaces, they are cov- 
ered with steep rocks which consist chiefly of a 
white and friable freestone. 

Tlic first sound which greeted the ears of the 
travellers took place at an hour and a quarter after 
noon. They had chmbed with great diflSculty as 
far as the sandy declivity, a height of seven^ or 
eighty feet, and had rested beneath the rocks where 
the pilgrims are accustomed to Usten to the sounds. 

While in the act of climbing, M. Seetzen heard 
tho sound from beneath his knees, and hence he was 
h'd to tliink that the sliding of the sand was the 
c:itiso of tlic 8ound, and not the effect of the vibra^ 
tioii which it occuHioued. At three o*clock the 
aouiid becumc louder, ^iu\ eowVvnaibi vol Todiuites, 
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«nd after having ceased for ten minutes, it was 
again heard. 'Hie sound appeared to have the 
greatest resemhlance to that of the humming-top, 
rinng and falling like that of an Eolian harp. Be- 
lieving that he had discovered the true origin of the 
' sound, M. Seetzen was anxious to repeat the experi- 
ment, and with this view he climbed with the utmost 
difficulty to the highest rocks, and, sliding down as 
fast as he could, he endeavoured, with the help of 
his hands and feet, to set the sand in motion. The 
effect thus produced far exceeded his expectations, 
and the sand in rolling beneath him made so loud a 
noise that the earth seemed to tremble to such a 
degree that he states he should certainly have been 
amdd if he had been ignorant of the cause. 

Bl» Seetzen throws out some conjectures respect- 
ing the cause of these sounds. Does the rolling 
layer of sand, says he, act like the fiddle-bow, which 
on being rubbed upon a plate of glass raises and 
distributes into regular figures the sand with which 
the plate is covered ? Does the adherent and fixed 
layer of sand perform here the part of the plate of 
^ass, and the neighbouring rocks that of the sound- 
ing body! We cannot pretend to answer these 
questions, but we trust that some philosopher com- 
petent to the task will have an opportunity of ex- 
amining these interesting phenomena with more at- 
tention, and describing them with greater accuracy. 

The only person, so far as I can learn, who has vis- 
ited El-Nakous since the time of Seetzen, is Mr. Gray 
of Umversity College, Oxford ; but he has not added 
much to the information acquired by his predecessor. 
During the first visit which he made to the place, 
he heard, at the end of a quarter of an hour, a low 
continuous murmuring sound beneath his feet, which 
gradually changed into pulsations as it became louder, 
80 as to resemble the striking of a clock, and at the 
end of five minutes it became so strong as to detach 
the sand. Returning to the spot ueiiX ^^i."^ ^\v^\\^^ax^. 

T2 
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tho sound still louder than before. He coidd Boi 
ohMervo any croyiccs by which the external air codd 
IMinetrato, nini U8 tho sky was serene and the air 
calm, lie wiia satisfied that the soimda could not 
arise from this cause.* 



LETTER X. 

Merlianlcal InfenUsnt of Iho Anrlmtlii f«w in Number^AndeM 
nindcrn Fenta of Mironfftli— KiMHaof EKkcberg partlenlarly i 
fleiiprai Kxplnnatloii uf ihein— Kiuil Fuata of tttreufthjNrftataMd ky 
Ttiiimnii 'ru{il»m— Kenmrkabli) Power of IiniBf hmwy Vwmmm wbca 
the Luiiffii are Inflated— llnlxonl'n Foat of aiiatalntaig Pvrmikli of r~ 



Deeepliun of walking alung (lio CoiUnf in ao lavortod FoaUioD 
inalle AuparaiiM In ttie Fink of the lloaae-lly Ar enablinf tl to walk w 
OjitHMUloii 10 (iravliv^l)fwcrlptloo of the analogous Appararai cn^ 
pluyuii by the (leeko Llxanl l(>r ilie aome Pmrpoae— AppoialiiB uaad by 
Ihu Kchluela Keiuura or Hucking-fleh. 

TiiK Mioclianical knowlod^i) of tho ancients wast 
principally tli('or('ti(*:il, and tliuu^h they aav.m to have 
(txciMittMl snino minor pit*coH of niochiuiisin which 
were sulUiMr^it to d<*Iu(l« thr ijfiiorant, yet there is 
no reason for belie.viii^ that they have executed any 
niaeliiiiery that waH capahlo of exciting much suf- 
jirise, eitller by its in^feniiity or its magnitude. Tlie 
properties of tlu* meehaiiieal {H>wers, however, seem 
to havt* been suect^ssfully employed in perfomiini; 
feats of strength wliieh were beyoiul the reach eveu 
of strong men, ami which could iM)t fail to excite 
tlie greatest wonder when exhibited by poRfonsuf 
onhnary Hize. 

Junius, a nativt* of Seh'ucia, who was exocuti»i! 
by the KniiM^ror Anrelian for espousiiiir the cauM* 
of '/.rno!)ia. was celebrated for his feats of strtMigth. 
In Ins acciumt of the life of Kirmus, who lived in 

* Nf-i' KJ-ntniriik 7iiurii.i! u/ Souacrt^o. \.V. V- lU, and N» ifll. 
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the third century, Yopiscus hiforms us that he could 
suffer iron to be forged upon an anvil placed upon 
his breast In doing this he lay upon ms back, and 
restinff his feet and shoulders against some suf^rt, 
his whole body formed an arch, as we shall a^er- 
ward more particularly explain. Until the end of 
the sixteenth century the exhibition of such feats 
does not seem to have been common. About the 
year 1703, a native of Kent of the name of Joyce 
exhibited such feats of strength in London and other 
parts of England that he received the name of the 
second Samson. His own personal strength was 
very great ; but he had also discovered, without the 
aid of theory, various portions of his body in which 
men even of common strength could perform very 
surprising feats. He drew against horses, and raised 
enormous weights ; but as he actually exhibited his 
power in ways which evinced the enormous strength 
of his own muscles, all his feats were ascribed to 
the same cause. In the course of eight or ten years, 
however, his methods were discovered, and many 
individuals of ordinary strength exhibited a number 
of his principal performances, though in a manner 
greatly inferior to Joyce. 

Some time afterward, John Charles Van Eckeberg, 
a native of Harzgerode in Anhalt, travelled through 
Europe under the appellation of Samson, exhibiting 
very remarkable examples of his strength. This 
we believe is the same person whose feats are par- 
ticularly described by Dr. Desaguliers. He was a 
man of the middle size, and of ordinary strength ; 
and as Dr. Desaguliers was convinced that his feats 
were exhibitions of skiU and not of strength, he 
was desirous of discovering his methods, and with 
this view he went to see him, accompanied with the 
Marquis of Tullibardine, Dr. Alexander Stuart, and 
Dr. Pringle, and his own mechanical operator. They 
I^ed themselves round the Gexm«ii^o ^&\ft\»^iSJs3vfe 
to observe accurately aU that laa ^^^^ ^sx^ ^^^ ^'^'^ 
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cesa was so great, that they were able to perfonn 
most of the feats the sanie evening by theraselvi's, 
and almoat all the rest when they had provided iho 
proper apparatus. Dr. Desasuliers exhibited some 
of the oxperitnenta before the Royal Society, and 
has given such a distinct explanatioa of the princi- 
ples on which they depend, that we shall endeavour 
to give a popular account of them. 

I. The performer sat iipou an inclined board AB. 
placed upOQ a frame CDG, with liis feet abutting 

Fig. 51. 




aKainnt the upright board C. lEonnd ''■^ ^"'"^ ^^ 
placed a stroll); girdle FG, to the in)n jinii of «li;<h 
at G was fastened a rope l>y mean!* of rf hook. T^■■ 
ropo passi'il between his Icks thrnuirli iivhi>l<' in !!i'' 
board C, and xevftnd men, or two horses\pidhi!ir ;ct 
Iht.' uthPrviidof the rope, wcri* mialdr tn: lir.iw!!!!- 
performer out of his plaee. His hands at M iktiii. .i 
to pull aeiiirisl the men, but tluy wiro of ii» Bdv:i;i- 
tage ti> liim wtiatcver. 

•i. Anothpr of the German'^ . 
Fig. 3a. Haviiiir fixed the ropo 
to a. atrone inst at A, and made i. 

fixed iron eye at H, lo the rinpr ii 

plantifl his feet nirtinst the post at 1), aiii«i nn-'i 
h i III stlf from the f(>^iiin'l by the mpc. a-i nIVvoicu:" 
the fiinire. H<! Ihiii .-n.lilcidv streliin-d mil hi* Vif 

andliroki- the ru})f, ra\\ii»u\r.\»:\i.o\\a.foAUi.t* W a: 

C, apmsul out to receive Km. 
3 In infilalioii of t'itn»vi'«.\« ^-wi^"™-"^"^ ^^*^'^ 



an"« feats is sli""" la 
ropo aliiwf iiiijntieii''! 
made it [liis* ihlroiuihs 
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) ground, as shown in Fig. 58, and when an 
L was placed upon his breast, a man hammered 

Fig. 53. 




U his force the piece of iron B, with a 8led|g;# 
9r, and sometimes two smiths c\it\GLV«^N<ra^ 
' a great cold bar of iron laid xx^hNXil^ ^iaDS5f^ 
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At other times a stone of huge dimensions, half < 
which is shown at C, was laid upon his belly, ai 
broken with a blow of the great hammer. 

4. The performer then placed his shoulders up( 
one chair, and his heels upon another, as in Fig. 5 
finrming with his back-bone, thighs, and legs an an 
springing from its abutments at A and B. One • 
two men then stood upon his belly, rising up and dov 
while the performer breathed. A stone one and 
half feet long, one foot broad, and half a foot thi( 
was then laid upon his belly and broken by -a sledi 
hammer, an operation which may be performed wi' 



Fig. 54. 




much less danger than when his back touched th 

ground, as in Fig. 53. 
5. His next feat was to lie down on the grouiH 

as in Fig. 55. A man being then placed on hi 

knees, he draws his heels towards his body, an 

raising his knees lie ^(X& \x^ \\\^ xnasi. sgnLduaUy, ti 
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harins broni^t Tiis knncs pnrpnnflli 
him, an in Fig. fHi, )in iriiHc!! hin own 
plarin^ his arms tir'nind llio mrin's 
with him, and Sftls him liown on som< 
cnuMRflp (tf Uu: siiin'! lii'iirlit its liiH 
ftgfflWiW|M|rformc.l withtwc 
Of one. ^* 

6. Thfi la«t, an'l apparintly ttin mf 
JICTformance of the (inrniuii ii ithuH 




whero he sppoani lo rnisc a cannon A 
R scbJl', tliu four t()|m;h of thi' siaJi! In 
rope or chiiin atUcLuil Vu \un %\\<!l\« v 
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already described. Previous to the fixing of the 
ropes the cannon and scale rest upon two rollers B, 
C, but when all is ready, the two rollers are knocked 
from beneath the scale, and the cannon is sustained 
by the strength of his loins. 

The German also exhibited his strenflth in twist- 
ing into a screw a flat piece of iron Tike A, Fig. 
58. He first bent the iron into a right angle, as at 

Fig. 68. 





B, and then wrapping his handkerchief about its 
broad upper end, he held that end in Ida left hand, 
and witn his right applied to the other end, twisted 
about the angular point, as shown at C. Lord Tulli- 
bardine succeeded in doing the same thing, and even 
untwisted one of the irons which tiie German had 
twisted. 

It would lead into details by no means popular 
were I to give a minute explanation of the mechan- 
ical principles upon which these feats depend. A 
few general observations will perha^^ b^ %^Q&^<esc!^. 

for ordinary readers. The {e^Na "^o. \^ ^5^^ "^^ ^ 

11 
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depend entirely on the natural strength of the bonei 
of the pelvis, which form a double arch, which it 
would require an immense force to breaik, by any 
external pressure directed to the centre of the arch; 
and as the legs and thighs are capable of sustaining 
four or five thousand pounds when they stand quite 
upright, the performer has no 4ifficu]ty in resistiiu; 
the force of two horses, or of sustaining the wei^rht 
of a cannon weighing two or three thousand pounds. 

The feat of the anvil is certainly a very surpris- 
ing one. The difficulty, however, really cons»is:s 
in sustaining the anvil ; for when this is done the 
effect of the hammering is nothing. If the anvil 
were a thin piece of iron, or even two or three 
times heavier than the hammer, the performer 
would be killed by a few blows ; but the blows are 
scarcely felt when the anvil is very hea\y, for the 
more matter the anvil has, the greater is its inertia, 
and it is the less liable to be struck out of its plac' ; 
for when it has received by the blow the whole mo- 
mentum of the hammer, its velocity will be so much 
less than that of the hammer, a.s its quantity <jI* 
matter is greater. When the blow, indeed, is struck 
the man feels less of the weight of the anvil th^m 
he did before, because in the reaction of the stone 
all the parts of it round about the hammer nse 
towards the blow. This property is illustrated by 
the well-known experiment of laying a stick witk 
its ends upon two drinking glasses full of wat^r, 
and striking the stick downwards in the middle 
with an iron bar. The stick wiU in tliis case be 
broken without breaking the glasses, or spillin;^ 
the water. But if the stick is struck upwards, as if 
to throw it up in the air, the glasses will break if 
the blow be strong, and if the blow is not ver}* 
quick, the water will be spilt without breaking the 
glasses. 

When the performer supports a man upon his 
belJy, aa in Fig. 54, lib doe& '\X b^ tn^'dSA of the strong 
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arch formed by Ms backbone, and the bones of his 
legs and thighs. If there were room for them, he 
could bear three or four, or, in their stead, a great 
stone to be broken with one blow. 

A number of feats of real and extraordinary 
strength were exhibited about a century ago, in 
London, by Thomas Topham, who was five feet ten 
inches high, and about 31 years of age. He was 
entirely ignorant of any of the methods for making 
his strength appear more surprising, and he often 
performed by his own natural powers what he 
teamed had been done by others by artificial means. 
A distressing example of this occurred in his at- 
tempt to imitate the feat of the German Samson 
by pulling against horses. Ignorant of Hhe method 
which we have already described, he seated himself 
on the ground with his feet against two stirrups, 
and by the weight of his body he succeeded in pml- 
inff against a single horse; but in attempting to 
pml against two horses, he was lifted out of his 
place and one of his knees was shattered against 
the stirrups, so as to deprive him of most of the 
strength of one of his legs. The following are the 
feats of real strength which Dr. Desaguhers saw 
him perform. 

1. Having rubbed his fingers with coal-ashes to 
keep them from slipping, he rolled up a very strong 
and large pewter plate. 

2. Having laid seven or eight short and strong 
pieces of tobacco-pipe on the first and third fingers, 
ne broke them by the force of his middle finger. 

3. He broke the bowl of a strong tobacco-pipe 
placed between his first and third fingers, by pressing 
his fingers together sideways. 

4. Having thrust such another bowl under his 
garter, his legs being bent, he broke it to pieces by 
the tendons of his hams, without altering the bend- 
ing of his leg. 

5. He lifted with his teeth, and held in a hAxU 
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zontal position for a considerable time, a table six 
feet long, with half a hundred weight hanging at 
the end of it. The feet of the table rested against 
his knees. 

6. Holding in his right hand an iron kitchen 
poker three feet long and three inches round, he 
struck upon his bare left arm, between the elbow 
and the wrist till he bent the poker nearly to a right 
angle. 

7. Taking a simflar poker, and holding the ends 
of it in his hands, and the middle against the back 
of his neck, he brought both ends of it together be- 
fore him, aiid he then pulled it almost straight again. 
This last feat was the most difficult, beeanse tfa^ 
muscles which separate the arms horizontally from 
each other are not so strong as those which bring 
fhem together. 

8. He broke a rope about two inches in circum- 
ference, which was partly wound about a cylinder 
four inches in diameter, having fastened the other 
end of it to straps that went over his shoulder. 

9. Dr. Desagidiers saw him lift a rolling stone of 
about 800 pounds' weight vnth his hands only, stand- 
ing in a frame above it, and taking hold of a frame 
fastened to it. Hence Dr. Desaguliers gives the 
following relative view of the strengths of indi- 
viduals. 

Strength of the weakest men - 125 pounds 
Strength of very strong men • 400 
Strength of Topham - - - 800 
The weight -of Topham was about 200. 

One of the most remarkable and inexplicable ex- 
periments relative to the strength of the human 
frame which you have yourself seen and admired, 
is that in which a heavy man is raised with the 
greatest facUity, when he is lifted up the instant 
that his own lungs and those of the persons who 
raise him are inflated with air. This experiment 
waa, I believe, first shown in England a few years 
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ago by Major H., who saw it performed in a large 
{Mirty at Venice under the direction of an officer of 
the American navy. As Major H. performed it 
more than once in my presence, I shaU describe as 
nearly as possible the method which he prescribed. 
The heaviest person in the party lies down upon 
two chairs, his legs being supported by the one 
and his back by the other. Four persons, one at 
each leg, and one at each shoulder, then try to raise 
him, and they find his dead weight to be very great, 
from the difficulty they experience in. supporting 
Idm. When he is replaced in tiie chair, each of the 
four persons takes hold of the body as before, and 
the person to be lifted gives two signals by clapping 
his hands. At the first signal he himseu and the 
four lifters begin to draw a long and full breath, 
and when the inhalation is completed, or the lungs 
£lled, the second signal is given, for raising the 
person from the chair. To his own surprise and 
that of his bearers, he rises vnth the greatest facil- 
ity, as if he were no heavier than a feather. On 
several occasions I have observed that when one 
of the bearers performs his part ill, by making the 
inhalation out of time, the part of the body which 
he tries to raise is left, as it were, behind. As you 
have repeatedly seen this experiment, and have 
performed the part both of the load and of the 
bearer, you can testify how remarkable tiie effects 
appear to all parties, and how complete is the con- 
viction, either that the load has been lightened, or 
the bearer strengthened by the prescribed process. 
At Venice the experiment was performed m a much 
more imposing manner. The heaviest man in the 
party was raised md sustained upon the points of 
the forefingers ^ six persons. Major H. declared 
that the experinlent would not succeed if the person 
lifted were placed upon a board, and the strength of 
the individuals apphed to the board. He conceived 
H necessary that the bearers ^oxM CiQtc^DDiQissL^'^&^ 
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directly with tbe body to be raised. I have not had 
an opportunity of making any experiments ndatiTe 
to these carious facts; but whether the general 
effect is an illusion, or the result of known or of new 
prinitiples, the subject merits a careM investigalion. 

Among the remarkable exhibitions of mechanical 
strength and dexterity, we may enumerate that of 
supporting pyranuds of men. This exhibition is a 
very ancient one. ^\It is described, though not veiy 
clearly, by the Roman poet Clandian, and it has de- 
rived some importance in modem times, in conse- 
quence of its having been performed in various jnti 
of Great Britain by the celebrated traveler Befind, 
before he entered upon tbe raoi*e estimable caner 
of an explorer of Egyptian antiquities. Hie sim- 
plest form of this feat consists in placing a mmdMr 
of men upon each other's shoulders, bo that each 
row consists of a man fewer till they fonn a pyn- 
mid terminating in a single person, upon whose nrad 
a boy is sometimes placed with his feet imnraids. 

Among the displays of mechanical •lexteritf, 
thou^ not grounded on any scientific princij|A m 
be mentioned the art of walking along the^ihi 
of an apartment with the head downwards, 'fj^ 
exhibition, which we have witnessed in one if ^ 
London theatres, never failed to excite the wc,^ 
of the audience, although the movements of th^j^ 
verted performer were not such as to inspire us \j^ 
any high ideas of the mechanism by which tj* 
were effected. The following was probably ^ 
method by which the performer was carried al0| 
the ceiling. Two parallel grooves or openings we} 
made in tlie ceiling at the same distance as the foo. 
tracks of a person walking on sand. These groovi| 
were narrower than the human foot, so as to penn^ 
a rope or chain or strong wire, attached to the fee 
of the performer, to pass through the ceiling, wher! 
they were held by two ox mote persons above if 
la this way the inverted ^itotwi« xsas^X^ ^"wr^jav^ 
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try a sliding or shuffling motion, similar to that 
is adopted in walking m the dark, and in which 
et are not lifted from the ground. A more 
r motion, however, might be produced by a 
trance for attaching the rope or chain to the 
r the foot, at each step, and subsequently de- 

?it. In this way, when the performer is pulled 
the ceiling by lus left foot, he would hft his 
oot, and having made a step with it, and planted 
inst the grooves, the rope would be attached 
nd when the rope was detached from the left 
; would make a similar step, while the right 
as puUed against the ceiling. These effects 
be facilitated and rendered more natural by 
ing to the body or to the feet of the performer 

wires invisible to the audience, and by using 
1 wheels, if a sliding motion only is required, 
lore scientific method of walking upon the 
' is suggested by those beautiful pneumatic 
nances by which msects, fishes, and even some 

are enabled to support the weight of their 

against the force of gravity. The house-fly 
. known to have the power of walking in an 
)d position upon the ceilings of rooms, as well 
»n the smoothest surfaces. In this case the 
iS not rest upon its legs, and must therefore, 
1 to the ceiling either by some 'glutinous 

upon its feet, or by the aid of some apparatus 
it for that purpose. In examining the foot 

fly Mrith a powerful microscope, it is found to 
t of two concavities, as shown in Fig. 69 and 
I first of which is copied from a drawing by 
ims, pubUshed in 1746, and the second by J. 
ler, a painter at Nuremberg, who drew it for a 
published in 1766. The author of this.work 
ins that these concavities are only used when 

moves horizontally, and that, when it moves 
dicularly or on the ceiling, they ate tviiiv^^xs:^^ 
&e way, and the progressive moliowSa ^U^<(:.V^ 
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bf fUng tha clawa shown in the fignn Into tb* 
fmgnlaritiM of the surface upon which tha tf 
moves, whether it U glass, porcelain, or aaj Otbc 




substance. Sir Everard Home, however, eL^^__.., 
with great reason, that these concavo surface* we 
(like the leathern suckere used by children for lifting 
stones) employed to fomt a vacuum, so that the foot 
adheres, as it were, by suction to the ceiling, tod 
enables the insect to support itself in an invened 

This conclusion Sir Everard has been led to dnw 
from an examination of the foot of the Lsrcetta 
Gecko. Sir Joseph Banks had mentioned to him is 
the year 1815, that this lizard, which is a native of 
the island of Java, comes out in the evening tnm 
the roofs of the houses, and walksdown the amootk 
hard jwlisbed chunam wallft 'to w«<^ «^ 4* 4m 
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icil settle upon them, and which are its natural 
d. When Sir Joseph vaa at Batavia, he amnsed 

iself in catching this Uzard. He stood close to 
irall at some distance from the animal, and, by 




lenljr scraping the waU with a lone flattened 
:, he was wle to bring the animal to Uie ground, 
aving procured from Sir Joseph a very large 
nmen of the Gecko, which weighed 6} ounces 
.rdupois. Sir Everard Home was enabled to as- 
ain the peciUiar mechanism by which the feet 
his animal have the power of keeping hold of a 
oth hard perpendicular wall, and carry up so 
ry a weight as that of its body, 
he foot of the Gecko has five toes, and at the 
of each of them, except the thumb, is a Tery 
p and highly curved claw. On the under Burface 
a6h toe arc sixteen transverse sUts, leading to 
lany cavities or pockets, the depth of which is 
ly equal to the length of the slit ihat fenoa Iha 
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surface. These cavities all open forwards, and tfai 
external edge of each opening is serrated like the 
teeth of a small-toothed comb. The cavities are 
lined with a cuticle, which also covers the serrated 
edges. 

This structure Sir Everard Home found to bear a 
considerable resemblance to that portion of the head 
of 'the Echineis remora, or suckmg-fish, by n^ich 
it attaches itself to the shark, or the bottoms of 
ships. It is of an oval form, and is surrounded by a 
broad loose moveable edge, capable of applying itself 
closely to the surface on which it is set. It consists 
of two rows of cartilaginous plates, coDnecftad bf 
one edge to the surface on wnich they are placed, 
the other, or the external edge, being serrated like 
that in the cavities of the feet of the Gecko. Tlie two 
rows are separated by a thin ligamentous partition, 
and the plates being raised or depressed by the toI- 
untary muscles form so many vacua, by means of 
which the adhesion of the fish is effect^. 

These beautiful contrivances of Divine Wisdom 
cannot fail to arrest the attention and excite the ad- 
miration of the reader ; but though there can be 
little doubt that they are pneumatic suckers wroo^t 
by the voluntary muscles of the animals to whick 
they belong, yet we would recommend the furthei 
examination of them to the attention of those who 
have good microscopes at their command. 
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LETTER XI. 

lical Automata of tbe Ancients— Moying Tripod*— Amomata of 
ilvs— Wooden Pigeon of Arcbytas— Automatic Clock of Cbaile^ 
le— Automata made by Turrianus for Charles V.— Canms^s aulo- 
; Carriage made for Loais XIV.— Degennes*s mechanical Peacock 
ocaiison's Duck, whicb ate and digested its Food— Dn MooUn^ 
mata— Baron Kempelen's Aatcnnaton Chess-irfayer-<Drawinf and 
ing Automata— Maillardet's Conjurer- Benefits derifed frran the 
ion for Automata— Examples of wonderltit Machinery fbr useftil 
OSes— Dmcan's Tambouring Machinery— Watt's Statns-tiurniog 
dnery— BiMwge's Calculating Machinery. 

s have already seen that the ancients had at- 
d some degree of perfection in the construction 
tomata, or pieces of mechanism which imitated 
lovements of man and the lower animals. The 
Is which Homer* mentions as having been con- 
ted by Vulcan for the banqueting-hall of the 

advanced of their own accord to the table, 
again returned to their place. Self-moving 
Is are mentioned by Aristotle, and Philostratus 
ms us, in his Life of ApoUonius, that this phi- 
»her saw and admired sunilar pieces of mecha- 
among the sages of India. 
;dalus enjoys also the reputation of having 
:ructed machines that imitated the motions of 
luman body. Some of his statues are said to 

moved about spontaneously, and Plato, Aris- 
, and others have related that it was necessary 
5 them, in order to prevent them from 
r. Aristotle speaks of a wooden Venus, whici 
3d about in consequence of quicksilver being 
3d into its interior ; but Callistratus, the tutor 
emosthenes, states, with some probability, that 
tatues of Daedalus received their motion from 

* Iliad, m> jjuim-vt^ 
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the'mechanical powers. Beckmann is of opinion 
that the statues of Daedalus differed only from those 
of the early Greeks and Egyptians in having their 
eyes open and their feet and hands free, and that 
the reclining posture of some, and the^ttitode of 
others " as if ready to walk," gave nse to the 
exaggeration that the^ possessed the power of 
locomotion. This opmion, however, cannot be 
maintained with any show of reason ; for if we ap- 
ply such a principle in one case, we must app^ it 
m all, and the mind would be left in a state or utter 
skepticism respecting the inventions of aodnl 
times. 

We are informed by Aulus Gellius, on the aotfior- 
ity of FavOrinus, that Arch3rtas of Tarentom, who 
flourished about 400 years before Christ, constnicted 
a wooden pigeon which was capable of flying. 
Favorinus relates, that when it had once alighted, 
it could not again resume its flight ; and Anlus Gel- 
lius adds, that it was suspended by balancing, and 
animated by a concealed aura or spirit. 

Among the earliest pieces of modem mechanisDi 
was the curious water-clock presented to Charie- 
magne by the Kaliph Harun al Raschid. In flw 
dial-plate there were twelve small windows, cortes- 
ponding with the divisions of the hours. The hours 
were indicated by the opening of the windows, 
which let out little metallic bal&, which struck the 
hour by fallins^ upon a brazen belL The doors con- 
tinued open till twelve o'clock, when twelve little 
knights, mounted on horseback, came out at the 
same instant, and after parading around the dial, shut 
all the windows, and returned to their apartments.* 

The next automata of which any distinct account 
has been preserved are those of the celebrated John 
Muller, or Regiomontanus, which have been men- 
tioned by Kircher, Baptista Porta, Gassendi, Lauit 
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and Bishop Wilkins. This philosopher is said to 
have constructed an artificiad eagle, which flew to 
meet the Emperor Maximilian when he arrived at 
Nuremberg on the 7th June, 1470. After soaring 
aloft in the air, the eagle is staVed to have met the 
emperor at some distance from the city, and to have 
returned and perched upon the town gate, where it 
waited his approach. When the emperor reached 
the gate, the eagle stretched out its wings, and 
saluted him by an inclination of its body. Muller is 
likewise reported to have constructed an iron fly, 
which was put in motion by wheel-work, and which 
flew about and leaped upon the table. At an enter- 
tainment given by this philosopher to some of his 
femiliar friends, the fly flew from his hand, and after 
performing a considerable round, it returned again 
to the hand of its master. 

The Emperor Charles Y., after his abdication of 
the throne, amused himself in his later years with 
automata of various kinds. The artist whom he 
employed was Janellus Turrianus of Cremona. It 
was his custom after dinner to introduce upon the 
table figures of armed men and horses. Some of 
these beat drums, others played upon flutes, while a 
third set attacked each other with spears. Some- 
tunes he let fly wooden sparrows, which flew back 
again to their nest. He also exhibited corn-mills so 
extremely small that they could be concealed in a 
glove, yet so powerful that they could grind in a day 
as much com as would supply eight men with food 
for a day. 

The next piece of mechanism of sufficient inter- 
est to merit our attention is that which was made 
by M. Camus for the amusement of Louis XIV. 
when a child. It consisted of a small coach, which 
was drawn by two horses, and which contained the 
figure of a lady within, with a footman and page 
behind. When this machine was placed at the ex- 
tremity of a table of the propei «xfe>Vaa ^^"^sSKssaax 
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smacked his whip, and the horses instantly set off 
moving their legs in a natm>al manner, and drawing 
the coach after them. When the coach reached the 
opposite edge of the table, it turned sharply at a 
right angle, and proceeded along the adjaicent edge. 
As soon as it arrived opposite the place where Sid 
king sat it stopped ; the page descended and opened 
the coach-door; the lady alighted, and with a 
CQprt^y presented a petition, which she held in her 
hand, to the king. After waiting some time she 
again courtesied and re-entered the carriage. The 
paffe closed the door, and having resumed his place 
behind, the coachman whipped his horses and drove 
on. The footman, who had previously alighted, 
ran after the carriage, and jumped up behind into his 
former place. 

Not content with imitatmg the movements ol 
animals, the mechanical genius of the 17th and 18th 
centuries ventured to perform by wheels and pinions 
the functions of vitality. We are informed by M. 
Lobat, that General Degennes, a French officer who 
defended the colony of St. Christopher's against the 
English forces, constructed a peacock wWch could 
wa& about as if alive, pick up grains of com from 
the ground, digest them as if they had been sub- 
mitted to the action of the stomach, and afterward 
discharge them in an altered form. Degennesis 
said to have invented various machines of great use 
in navigation and gunnery, and to have constructed 
clocks without weights or springs. 

The automaton of Degennes probably suggested 
to M. Vaucanson the idea of constructing his cele- 
brated duck, which excited so much interest through- 
out Europe, and which was perhaps the most won- 
derful piece of mechanism that was ever madOr 
Vaucanson's duck exactly resembled the living ani- 
mal in size and appearance. It executed accurately 
all its movements and gestures, it ate and drank with 
avidity, performed 3\i X\v^ cj^icV^fta^vQiasof the head 
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and throat which are peculiar to the living animal, 
and, like it, it muddled the water which it drank 
with its bill. It produced also the sound of quack- 
ing in the most natural manner. In the anatomical 
structure of the duck the artist exhibited the high- 
est skill. Every bone in the real duck had its 
representative in the automaton, and its wings were 
anatomically exact. Every cavitv, apophysis, and 
curvature was imitated, and each bone exetuted its 
proper movements. When com was thrown down 
before it, the duck stretched out its neck to pick it 
up, it swallowed it, digested it, and discharged it in 
a digested condition. The process of digestion was 
effected by chymical solution, and not by trituration, 
and the food digested in the stomach was conveyed 
away by tubes to the place of its discharge. 

The automata of Yaucanson were imitated by one 
Du Moulin, a silversmith, who travelled with them 
through Germany in 1752, and who died at Moscow 
in 1765. Beckmann informs us that he saw several 
of them after the machinery had been deranged ; but 
that the artificial duck, which he regarded as the 
most ingenious, was still able to eat, drmk, and move. 
Its ribs, which were made of wire, were covered 
with duck's feathers, and the motion was communis 
cated through the feet of the duck by means of a 
cylinder and fine chains like that of a watch. 

Ingenious as all these machines are, they sink 
into insignificance when compared with the automa- 
ton chess-player, which for a long time astonished 
and delighted the whole of Europe. In the year 
1769, M. Kempelen, a gentleman of Presburg ii^ 
Hungary, constructed an automaton chess-player, 
the general appearance of which is shown in the an- 
nexed figures. The che5»«-Dlayer is a figure as large 
as life, clothed in a Turiu^Aw dress, sitting behind a 
large square chest or box three feet and a half long, 
two feet deep, and two and a half high. The ma- 
chine runs on casters, and is eitlkfii %^«Vl.^^^.^X^s^^f^<^ 
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exhibiter then announces to the spectaton his in- 
tention of showing them the mechanism of the so- 
tuniaton. For tliis purpoae he unloclu the door A, 
Tig. 61, and eijiuttes to view a small cupboard lined 
with black or dark colourtid cloth, and containiqt 
cylinders, levcrH, wheels, pinions, and differenl 
pieces of machinery, which have the appearanc* of 
occupyintf ttie whole space. He next opens the 
dorir U, Pig. OS, at the back of the same cupbosjd, 
aiul holding a lighttMl candle at the opening, ne still 
furthti disptavs tho enclosed machinery lo the spec- 
tators, iilaccd in front of A, Fig. 61. Wben the 
candle jh withdrawn, the door B is then locked ; and 
the exliibitcr proceeds to open the drawer GG, Fig. 
tf/y ia ihuit of the cheat. Out of this dnwer hi 
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takes a small box of connt^^ a sed of chess-men, 
and a cushion for the Enpport of the antomaton'B 
^om, as if this was tbe sole object of the drawer. 
The two front doors C,C, of the large ccgiboard. Fig. 
Kl, are then opened, and at the back-door D of the 
same cupboard. Fig:. 62, the exhibiter apphes a 
lighted candle, as before, for the purpose of showing 
its interior, which is lined with dark clolb Iflte Hie 
other, and contains onhr a few pier^ of madnnenr. 
The chest is now wheeled romid, ^ ^ Fiz- <S : lae 
pannents of the figure are liited m). and the door E 
m the tnmk, and another door F in the thicrh. are 
opened, — the doors B and J) harinr bijeii preriouBh- 
closed. When this exhibition of tiie interior of tli 
machine is over. Hie chest is whediec back ink; itfc 
original position on tbe jAoor. Thit ooorfc A.C«C. it 
front, and the drawer G€L are closed Totd MXfoL 
and the exhibiter, after oocogn-inr iiuDbeif for mnut 
time at the back of the checti » if b*: i^^;r» ^^/ur:.- 
ing the mechanism, remorec the pope iron. tf«t tsui£. 
of the figm%, and windit id the BKi'Jiux«<(?rr 

The antomatOD i* ncrr' resscr tt> y».'^ ' axiC vm;! 
an opponent has ixTen fumic zsuwut *i^- '^nwAiii^ 
the fignre takes the fine nwr* At <f%»fr! fu-r.* 
made by the antom^^cm. 1ii% ww^a of ti^ ii5ta';:-.:i» 
are heard in action : ti«e firur*: ni^/t** k* x*«:5f -?.--' 
seems to look orer ererr ]x^. ^/, t« ^s»9^'-^>:.r 
When it gives check to r.* ifjwwstfi- C fc:^^.^ '^ 
iiead iknee<, and only otk^ wii^aL r. tsff^esv In* •-•w»>r: 
It likewise sbake^'it^ be^rc witf(sL ^ iiu^ nr/ * i 
made, nfticea the «hreT«£isrr'% pifi'^ w. ti^ ^j^m*. 
from which it W2j! tsJK£. aoic ^iiibM ti#b t^r^ h^^i« 
itself. In eenersl. tii^.^ juu: itm^t. *.u^. wfi.^v^. 
ton wins the z'^^io^. 

Daring the'pTOgj*:^ '/ tu*^ laib* "i** *JiB*j/.->^ 
often tsiaDds near t^ tHcjutu^ atr/: v •i^^jr r t#^ .^^^ 
a clock after it fa» myg^ va vr ^v •:^<'«. iut^Mv « 
other tinm Jbe v^eai; :iSP i 4.4KSM9 ^r V^, tvi#i^ ^ t 

Xi 
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it were to consult a small square box, wfaich stood 
open for this purpose. 

The chess-playing machine, as thus described, 
was exhibited after its completion in Presburg, 
Vienna, and Paris, to thousands, and in 1783 vai 
1784 it was exhibited in London and different parts 
of England, without the secret of its movements 
having been discovered. Its ingenious inventor, 
who was a gentleman and a man of education, never 
pretended that the automaton itself really played the 
game. On the contrary, he distinctly stated " that 
the machme was a bagateUe, which was not without 
merit in point of mechanism, but that the effects of 
it appeared so marvellous only from the boldness of 
the conception, and the fortunate choice of the 
methods adopted for promoting the illusion." 

Upon considering the operations of this antomaton, 
it must have been obvious that the game of chess 
was performed either by a person enclosed in the 
chest or by the exhibiter himself. The first of 
these hypotheses was ingeniously excluded by the 
display of the interior of the machine ; for as every 
part contained more or less machinery, the specta- 
tor invariably concluded that the smallest dwarf 
could not be accommodated within, and this idea 
was strengthened by the circumstance that no per- 
son of this description could be discovered in the 
shite of the exhibiter. Hence the conclusion was 
drawn that the exhibiter actuated the machine either 
by mechanical means conveyed through its feet, or 
by a magnet concealed in the body of the exhibiter. 
That mechanical communication was not formed 
between the exhibiter and the figure was obvious 
from the fact that no such communication was visi- 
ble, and that it was not necessary to place the ma- 
chine on any particular part of the floor. Hence 
the opinion became very prevalent that the agent 
was a ma^et ; but even X\i\& ^rass^^vtiou was ex* 
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dnded, for the exhibiter allowed a strong and well 
armed loadstone to be placed upon the machine 
dmring the progress of the game : had the moving 
power been a magnet, the whole action of the ma^ 
chine would have been deranged by the approxima- 
tion of a loadstone concealed in the pockets of any 
of the spectators. 

As Baron Kempelen himself had admitted that 
there was an illusion connected with the perform- 
ance of the automaton, various persons resumed the 
Ofiginal conjecture that it was actuated by a person 
concealed in its intehor, who either played the 
game of chess himself, or performed the moves 
which the exhibiter indicated by signals. A Mr. J, 
F. Freyhere of Dresden pubhshed a book on the 
subject in 1789, in which he endeavoured to explain, 
by coloured plates, how the effect was produced ; 
and he concluded " that a well-taught boy, very thin 
and tall of his age (sufficientl;^ so that he could be 
concealed in a drawer almost immediately under the 
chess-board), agitated the whole." 

In another pamphlfet, which had been previously 
pubUshed at Paris in 1785, the author not only sup- 
posed that the machine was put in motion by a 
dwarf, a famous chess-player, but he goes so far as 
to explain the manner m which he could be accom- 
modated within the machine. The invisibility of 
the dwarf when the doors were opened was ex- 
plained by his legs and thighs being concealed in 
two hollow cylinders, while the rest of his body was 
out of the box, and hid by the petticoats of the 
automaton. When the doors were shut the clacks 
produced by the swivel of a ratchet-wheel permitted 
the dwarf to change his place and return to the box 
miheard ; and while the machine is wheeled about 
the room, the dwarf had an opportunity of shutting 
the trap through which he passed into the machine. 
The interior of the figure was uext «»\\srwTi^«!iftL*^<5k 
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ipectalors were satisfied that the box oontaoe^BO 
lirini^ agent. 

Althoa^ these riews were Teiy plaosiMe, yet 
they were never frenerally adopted ; and when the 
aotomaton was exhibited in Great Britain in 1819 
and 1^60, by M. Maelzel, it excited as intense an in- 
tcH'est as when it was first prodnced in Gennaoj. 
There can be little doobt, howefer, that the secret 
has been discovered ; and an anonjrmoos writer has 
shown in a pamphlet entitled " An Attempt to analpze 
the Autamatcn Chess-player of M. Kempeleo," that it is 
capable of accommodating an ordinarily sized man; 
and he has explained in the clearest manner how 
the enclosed player takes all the different positions, 
and performs all the motions which are necessanr 
to produce the effects actually observed. The foi- 
lowin^i^ is the substance of his observations : 

The drawer 06 when closed does not extend to 
the back of the chest, but leaves a space O behind 
it (see Fij(. 69, 70, and 71) fourteen inches broad, 
c\st)ii inches hi(^h, and three feet eleven inches lon^. 
'I'hiH space is never exposed to the view of specta- 
tors. The small cupboard seen at A is divided into 
two parts by a door or screen I, Fijf. 68, which is 
moveatile upon a hinge, and is so constructed that 
it closes at the same instant that B is closed. The 
whole of the front compartment as far a.s I is occu- 
pied with the machinery H. The other compart- 
ment behind I is empty, and communicates with the 
n\Y,\Qo, O behind the aniwer, the floor of this division 
b(;irig removed. The back of the great cupboard C, 
f •, is double, and the part PQ. to which the quad- 
rants are attached, moves on a joint Q, at the upper 
part, and forms when raised an opening S, between 
tiMi two cupboards, by carr>'ing w^ith it part of the 
jKirtitioii R, which consists of cloth tightly stretched. 
Thii false back is shown closed in Fig. 69, while 
Vip^. 7() shows tUe H'.uT\<i\i\\cVTeAa^'\,«i as to form 
b9 opening S bclwccu \.\\^ c>aas5^)«». 
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When the spectator is aQowed to look into the 
tnmk of the figure by lifting up the dress, as in 
Fig. 70, it will be observed that a great part of the 
space is occupied by an inner tru& N, Fig. 70, 71, 
which passes off to the back in the form of an arch, 
and conceals from the spectators a portion of the 
interior. This inner trunk N opens and communi- 
cates with the chest by an aperture T, Fig. 72, about 
twelve inches broad and fifteen high. When the 
false back is raised, the two cupboards, the trunk N, 
and the space O behind the drawer are all connected 
together. ^ 

The cons^ction of the interior being thus under- 
atood, the chess-player may be introduced into the 
digest through the shding panel U, Fig. 69. He will 
then raise the false back of the large cupboard, and 
assume the position represented by the shaded figure 
in Fi^. 63 and 64. Things being in this state, the 
exhibitor is ready to begin his process of deception. 
H6 first opens the door A of the small cupboard. 



Fig. 63. 



Fig. 64. 




and from the crowded and very ingenious disposi- 
tion of the machinery within it, the eye is unable 
to penetrate far beyond the opening, and the spec- 
tator concltides without any he^ilaXv^ycL \2ea^. ^Cos^ 
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whole of the cupboard is filled, as it appears 
with similar machinery. This false concfaif 

greatly corroborated by observing^ the glimn 
ght which plays among the wheel-work wh 
door B is opened, and a candle held at the op 
This mode of exhibiting the interior of the cu| 
satisfies the spectator also that no opaque 
capable of holdiny^ or concealing any of the 
of a hidden agent is interposed between the 
^d the observer. The door B is now lockc 
the screen I closed: and as this is done at th 
that the light is whdrawn, it will wholly < 
observation. 

The door B is so constructed as to close 
own weight, but as the head of the chess-play* 
soon be placed very near it, the secret would 1 
closed if, in turning round, the chest door sho 
any accident fly open. The accident is prei 
by turning the key, and lest this little circumi 
should excite notice, it would probably be rej; 
Jis accidental, as the keys were immediately m 
for the other locks. 

As soon as the door B is locked, and the i 
I closed, the secret is no longer cxi)osed to h 
and the exhibiter proceeds to Iciul the mir 
the spectators still further from the real st 
things. The door A is left open to coiifin 
opinion that no person is concealed within, an 
notliing can take place in the interior without 
observed. 

The drawer G6 is now opened, apparent 
the purpose of looking at the chess-men, cu 
and counters which it contains ; but the real 
of it is to give time to the player to chanf 
position, as shown in Fig. 65, and to replac 
false back and partition preparatory to the 0{ 
of the great cupboard. The chess-player, 
Hfrnre shows, occupies with his body the back 
pdrtmcnt of the small cup\)o^davrlule his leij 
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IS are contained in the apace behind thedrawer 
his body being concealed by the screen I, and 
itnbs by the diawet GG. 




le great cupboard C, C, is r 
'ittfe machinery ir " 



V opened, and 
1 it that the eye in- 
ly discovers that no person is concealed there. 
nake this more certain, howeTer, a door is 
ed at the back and a lighted candle held to it, 
ow the spectators to explore every corner and 

18. 

le front doors of the great and small cupboard 
; left open, the chest is wheeled rotind to show 
:runk of the figure, and the bunch of keys is 
'cd to remain in the door D, as the apparent 
essnesB of such a proceeding will he^ to re- 
) any suspicion which may nave been excited 
le locking of the door B. 
hen the drapery of the figure has been raised, 
he doors E and F in the trnnk and thigh opened, 
hest is wheeled round again into its original 
ion, and the doors E and F closed. In the 
I time the player withdraws his legs from behind 
rawer, as he cannot so easily do this when tlie 
er GG is pushed in. 
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In Ml these operatione, the Bpect&tor flatten 
himself that he has seen in succeesion ereir part o( 
the cheat, while in reality some parts hsTc been 
wholly concealed from hia view, and others bat in- 



When the drawer GG is pushed in, and tb* 
doors A and C closed, the exhibiter aJdjusta tht 
machinery at the back, in order to ^td time to the 
~'~ r to Lake the position shown iu a front rieir 
-. 66, and ia^ptoGle m Fig. 67. In Uui F»- 




Bition he will experience no difficulty in ezeculing 
eveiT movement made by the Botomaton. As hi» 
head is above the cbesa-buard, he will see thnragli 
the waistcoat of the fi^rc, as easily as throoeh ■ 
veil, the whole of the pieces on the board, aai he 
can easily take up and put down a chess-man with 
out any other mechanism than that of a string com- 
municating with the finger of the figure. His rigU 
hand, being within the chest, may be employed lo 
keep in motion the wheel-work for producing Iha 
noise which is heard durini^ the moves, and to p«r- 
form the other movements ot the figure, such u 
Uat of moving the heatl, >.H^ni% mi thA chest, Ac. 
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A very ingenious contrivance is adopted to facil- 
itate the introduction of the player's left arm into 
the arm of the figure. To permit this, the arm of 
the figure requires to be drawn backwards ; and for 
the purpose of concealing, and at the same time 
explaining this strained attitude, a pipe is inge- 
niously placed in the automaton's hand. For this 
reason the pipe is not removed till all the other 
arrangements are completed. When every thing 
has been thus prepared, the pipe is taken from " 
figure, and the exhibiter winds up, as it were, 
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enclosed machinery, for the double purpose of im- 
pressing upon the company the belief that the effect 
18 produced by machinery, and of giving a signal 
to the player to put in motion the head of the au- 
tomaton. 

This higenious explanation of the chess automa- 
ton is, our author states, greatly confirmed by the 
regular and undeviating mode of disclosing the inte- 
rior of the chest ; and he also shows that the facts 
which have been observed respecting the winding 
up of the machine " afford positive proof that the 
axis turned by the key is quite iiree and unconnected 
either with a spring or weight, or any system of 
machinery." 
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Id order ta make the preceding description more 
tntelligible, I eh^ add the follomng more dedSad 
ejqilanation of the figures. 




Fig. flt is B perspective view of the antonulov 
Been in front with all the dooTs thrown open. 

Fig. 63 is an elevation of the automaton, as seen 
from behind. 

Fig. 63 is an elevation of the front of the chest, 
the shaded figure representing the enclosed pla;ei 
in his first position, or when the door A is opened. 

Fig. 64 is a side elevation, the shaded fignre rep- 
resenting the player in the same position. 

Fig. 65 is a front elevation, the shaded Hgme 
Bhowine the player in his second position, or that 
which he takes after the door B and screen I ue 
closed and the great cupboard opened. 

Fig. 66 is a front elevation, the shaded Ggnre 
showing the player in bis third position, or that in 
which he plays the game. 

Fig. S7 IS a aide elevation, showing the figure ia 
the same position. 

Fig. 68 is a horizontal section of the chssl 
through the line WW in Fi^. 66. 

Fig. 69 is a vertical section of the chest throi^ 
the Ime XX in Fig. 68. 



DRAWDIO AfTD WRTTINO AITTOlIATA. 265 

Tig. 70 is a vertical section through the line YT, 
Fig. 66 showing the false back closed. 

Fig. 71 is a similar vertical section showing the 
fiilse back raised. 

The folloMong letters of reference are employed 
in all the figures : 

A. Front door of the small cupboard. 

B. Back door of ditto. 

C. C. Front doors of large cupboard. 

D. Back door of ditto 

E. Door of ditto. V 

F. Door of the thigh. 
GG. The drawer. 

H. Machiner^r in front of the small C1^>board. 

I. Screen behind the machinery. 

K. Opening caused by the removal of part of the 
floor of the small cupboard. 

L. A box which serves to conceal an opening in 
the floor of the large cupboard, made to facilitate 
the first position ; and which also serves as a seat 
for the tmrd position. 

M. A similar box to receive the toes of the player 
m the first position. 

N. The inner chest filling up part of the trunk. 

O. The space behind the drawer. 

PQ. The false back turning on a joint at Q. 

R. Part of the partition formed of cloth stretched 
tight, which is carried up by the false back to form 
the opening between the chambers. 

S. The opening between the chambers. 

T. The opening connecting the trunk and chest, 
which is partly concealed by the false back. 

U. Panel which is slipped aside to admit the 
player. 

Various pieces of mechanism of wonderful inge- 
nuity have been constructed for the purposes of 
drawing and writing. One of these, mvented by 
M. Le Droz, the son of the celebrated Droz of 
Chaux ie Fonds. haa been described by Mx.C^V- 
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linson. The figure was the size of life. It held m 
its hand a metallic style, and when a spring was 
touched, so as to release a detent, the figure unme- 
diately began to draw upon a card of Dutch veUum 
previously laid under its hand. After the drawing 
was executed on the first card, the figure rested 
Other five cards were then put in in succession, and 
upon these it delineated in the same manner dif- 
ferent subjects. On the first card it drew " elegant 
portraits and likenesses of the king and queen faciiu? 
each other;" and Mr. Collinson remarks, that it 
was curious to observe with what precision the figure 
lifted up its pencil in its transition from one point 
of the drawing to another without making the 
slightest mistake. 

M. Maillardet has executed an automaton which 
both writes and draws. The figure of a boy kneel- 
ing on one knee holds a pencil in his hand. When 
the figure begins to work, an attendant dips the 
pencil in ink, and adjusts the drawing-paper upon 
a brass tablet. Upon touching a spring the figure 
proceeds to >vritc, and when the line is fiDishod 
its hand returns to dot and stroke the letters when 
necessary. In tliis manner it executes four beau- 
tiful pieces of writing in French and Endish, and 
three landscapes, all of which occupy s2K>ut one 
hour. 

One of the most popular pieces of mechanism 
which we have seen is the magician constructed by 
M. Maillardet for the purpose of answering certain 
given questions. A figure, dressed like a magician* 
appears seated at the bottom of a wall, holding a 
wand in one hand and a book in the other. A 
number of questions ready prepared are inscribed 
on oval medallions, and the spectator takes any of 
these which he chooses, and to which he wishes an 
answer, and having placed it in a drawer ready to 
receive it, the drawer shuts with a spring till the 
answer is returned. TKe magician then rises frooi 
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Us seat, bows his head, describes circles with his 
wand, and consulting the book as if in deep thought, 
hei lifts it towards lus face. Having thus a^eared 
to ponder over the proposed question, he raises his 
wand, and striking with it the wall above his head, 
two folding-doors fly open, and display an appro- 
priate answer to tj^e question. The doors again 
dose, the magician resumes his original position, 
and the drawer opens to return the medallion. 
There are twenty of these medallions, all contain- 
ing different questions, to which the magician re- 
timis the most suitable and striking answers. The 
medallions are thin plates of brass of an elliptical 
form, exactly resembling each other. Some of the 
medallions have a question inscribed on each side, 
both of which the magician answers in succession. 
If tiie drawer is shut without a medallion being put 
into it, the magician rises, consults his book, shakes 
bis head, and resumes his seat. The folding-doors 
remain shut, and the drawer is returned empty. If 
two medallions are put into the drawer together, an 
answer is returned only to the lower one. When 
the machinery is woimd up, the movements con- 
tinue about an hour, during which time about fifty 
questions may be answered. The inventor stated 
mat the means by which the different medallions 
acted upon the machinery, so as to produce the 
proper answers to the questions whicn they con- 
tained, were extremely sunplc.* 

The same ingenious artist has constructed va- 
rious other automata, representin|r insects nd other 
animals. One of these was a spider entirely made 
of steel, which exhibited all the movements of the 
animal. It ran on the surface of a table duri^ 
three minutes, and to prevent it from runniiu^ off^ 
its course always tended towards the centre of the 
table. He constructed likewise a caterpillar, a 

*8HtliBEdinbiirg]iEneyclopadia,Ait iliutrotfM, vol S p Mi 
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lizard, a mouse, and a serpent. The serpent e 
about in every direction, opens its mouth, hi 
and darts out its tongue. 

Ingenious and beautiful as all these piec 
mechanism are, and surprising as their eflfec 
pear even to scientific spectators, the prii 
object of their inventors was to astonish and a 
the public. We should form an erroneous judg 
however, if we supposed that this was the on 
suit of the ingenuity which they displayed. 
passion for automatic exhibitions which char 
ized the 18th century, gave rise to the most 
nious mechanical devices, and introduced amoi 
higher orders of artists habits of nice and ac( 
execution in the formation of the most de 
pieces of machinery. The same combinatit 
the mechanical powers which made the spider ( 
or which waved the tiny rod of the magician 
tributed in future years to purposes of hii^he 
port. Those wheels and pinions, which a 
eluded our senses by their minuteness, reapp 
in the stupendous mechanism of our spinnin 
chines ana our steam-engines. The elemec 
the tumbling puppet were revived in the chrc 
eter, which now conducts our navy tliroug 
ocean ; and the shapeless wheel which directc 
hand of the drawing automaton has served i 

E resent age to guide the movements of the 
ouring engine. Those mechanical wonders i 
in one century enriched only the conjurt-r who 
them, contributed in another to augment the v 
of the nation ; and those automatic toys whic> 
amused the vulgar are now employed in extendii 
power and promoting the civilization of our sp< 
In whatever way, indeed, the power of geniu: 
invent or combine, ;md to whatever low or 
ludicrous purposes that invention or rombii 
may be originally applied, society receives : 
which it can never lose *. 'diid though the val 
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the seed may not be at once recognised, and though 
it may lie long unproductive in the ungenial till of 
human knowledge, it will some time or other evolve 
its germ, and yield to mankind its natural and abun- 
dant harvest. 

Did the hmits of so popular a volume as this 
ought to be permit it, I should have proceeded to 
give a general description of some of these extra- 
ordinary pieces of machinery, the construction and 
effects of which never fail to strike the spectator 
with surprise. This, however, would lead me into 
a field too extensive, and I shall therefore confine 
myself to a notice of three very remarkable pieces 
of mechanism which are at present very little known 
to the general reader, viz. the tambouring machine 
of Mr. Duncan, the statue-turning machine of Mr. 
Watt, and the calculating machmery of Mr. Bab- 
bage. 

The tambouring of muslin^i, or the art of pro- 
duciog upon them ornamental f owers and figures, has 
been long known and practised in Britain, as well as 
in other countries ; but it was not long before the year 
1790 that it became an object of general manufacture 
in the west of Scotland, where it was chiefly carried 
on. At first it was under the direction of foreigners ; 
but their aid was not long necessary, and it speedily 
extended to such a degree as to occupy either wholly 
or partially more than 20,000 femades. Many ol 
these labourers lived in the neighbourhood of Glas- 
gow, which was the chief seat of the manufacture 
but others were scattered through every part o* 
Scotland, and supplied by agents with work and 
money. In Glasgow, a tambourer of ordinary skitt 
could not in general earn more than five or six 
shillings a week by constant application ; but to a 
labouring artisan, who had several daughters, even 
these low wages formed a source of great wealth 
At the age of five years, a child capable of handling 
a needle was devoted to tambouring, e^etv^JMsvi!?^*^ 
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could not earn more than a shilling or two in a wedc; 
and the consequence of this was, that female chUdren 
were taken from school, and rendered toUdly unfit 
for any social or domestic duty. The tambouring 
population was therefore of the worst kind, and it 
must have been regarded as a blessing rather than as 
a calamity, when the work which mey performed 
was intrusted to regular machinery. 

Mr. John Duncan of Glasgow, the inventor of the 
tambouring machinery, was one of those unfortunate 
individuals who benefit their species without bene- 
fiting themselves, and who died m the meridian of life 
the victim of poverty and of national ingratitiKle. 
He conceived the idea of bringing into action a great 
number of needles at the same time, in order to 
shorten the process by manual labour, but he at first 
was perolexed about the diversification of the pattern. 
This difficulty, however, he soon surmounted by 
employing two forces at right angles to each other, 
which gave him a new force in the direction of the 
diagonal of the parallelogram, whose sides were 
formed by the original forces. His first machine 
was very imperfect; but after two years' study he 
formed a company, at whose expense six improve 
machines were put in action, and who secured the 
invention by a patent. At this time the idea of 
rendering the machine automatic had scarcely oc- 
curred to him ; but he afterward succeeded in 
accomplishing this great object, and the tambouring 
machines were placed under the surveillance of a 
steam-engine. Another patent was taken for these 
improvements. The reader who desires to have 
a minute account of these improvements, and of 
the various parts of tlie machinery, will be amply 
gratified by perusing the inventor's own account 
of the machinery in the article chain-work in the 
Edinburgh Encyclopedia. At present it will be suf- 
ficient to state, that the muslin to be tamboured was 
suspended vertically in a frame which was capable of 
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being moved both in a vertical and a horizontal 
direction. Sixty or more needles l3ring horizontally 
occupied a frame in front of the muslin web. Each 
of these working needles, as they are called, 'was 
attended by a feeding-needle, which, by a circular 
motion round the working-needle, lodged upon the 
stem of the latter the loop of the thread. The sixty 
needles then penetrated the web, and in order that 
they might return again vnthout injuring the fabric, 
the barb or eye of the needle, which resembled the 
barb of a fishing-hook, was shut by a slider. The 
muslin web then took a new position by means of the 
machinery that gave it its horizontal and vertical 
motion, so that the sixty needles penetrated it at 
their next movement at another point of the figure 
or flower. This operation went on till sixty flowers 
were completed. The web was then slightly wound 
up, that the needles might be opposite that part of 
it on which they were to work another row of 
flowers. 

The flowers were generally at an inch distance, 
and the rows were placed so that the flowers formed 
what are called diamonds . There were seventy-two 
rows of flowers in a yard, so that in every square 
yard there were nearly 4000 flowers, and in every 
piece of ten yards long 40,000. The nmnber of 
loops or stitches in a flower varied with the pattern, 
but on an average there were about thirty. Hence 
the number of stitches in a yard were 120,000, and the 
number in a piece is 1,200,000. The average work 
done in a week by one machine was fifteen yards, or 
60,000 flowers, or 1,800,000 stitches; and by com- 
paring this with the work done by one person with 
the hand it appears that the maohuie enabled one 
person to do the work of twenty-four persons. 

One of the most curious and important applica- 
tions of machinery to the arts which has been sug- 
. gested in modem times was made by the late Mr. 
Watt, in the construction of a machine for GOi^^\i^ 
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or reducing statues and sculpture of all kinds. Th« 
art of multipl3ring busts and statues, by casts in idas- 
ter of Paris, has been the means of difiusing a know- 
ledge of this branch of the fine arts ; but from the 
fragile nature of the material, the copies thus pro 
duced were unfit for exposure to the weather, nad 
therefore ill calculated for ornamenting public baiM 
ings, or for perpetuating the memory of public 
achievements. A machine, therefore, which is ca- 
pable of multiplying the labours of the sculptor in 
the durable materials of marble or of brass was a de- 
sideratum of the highest value, and one which ooold 
have been expected only from a genius pf the fint 
order. During many years Mr. Watt carried on 
his labours in secret, and he concealed even his in- 
tention of constructing such a machine. After he 
had made considerable progress in its execution, 
and had thought of securing his invention by a 
patent, he learned that an ingenious individual in his 
own neighbourhood had been long occupied in the 
same pursuit ; and Mr. Watt informed me that he 
had every reason to beUeve that this gentleman 
was entirely ignorant of his labours. A proposal was 
then made that the two inventors should combine 
their talents, and secure the privilege by a joint 
patent ; but Mr. Watt had experienced so frequently 
the fatal operation of our patent laws, that he saw 
many difficulties in the way of such an arrangement, 
and he was unwilling, at his advanced age, to embark 
in a project so extensive, and which seemed to 
require for its successful prosecution all the ardour 
and ambition of a youthful mind. The scheme was 
therefore abandoned ; and such is the unfortunate 
operation of our patent laws, that the circumstance 
of two individuals having made the same invention 
has prevented both from bringing it to perfection, 
and conferring a great practical benefit upon their 
species. The machine which Mr. Watt had con- 
structed had actually execvOodsome excellent pieces 
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of work. I have seen in his house at HeathfieM 
copies of basso-relievos, and complete statues of a 
snudl size ; and some of his friends have in their 
possession other specimens of its performance. 

Of all the machmes which have been constructed 
In modem times, the calculating; machine is doubt- 
less the most extraordinary. Pieces of mechanism 
for performing particular arithmetical operations 
have been long ago constructed, but these bear no 
comparison either in ingenuity or in magnitude to 
the grand design conceived and nearly executed by 
Mr. Babbage. Great as the power of mechanism 
is known to be, yet we venture to say that many of 
the most intelligent of our readers vnill scarcely 
admit it to be possible that astronomical and navi- 
gation tables can be accurately computed by ma- 
chinery; that the machine can itself correct the 
errors which it may commit ; and that the results 
of its calculations when absolutely free from error, 
can be printed off, without the aid of human hands, 
or the operation of human intelligence. All this, 
however, Mr. Babbage's machine can do ; and as 
I have had the advantage of seeing it actually cal- 
culate, and of studying its construction with Mr. 
Babbage himself, I am able to make the above state- 
ment on personal observation. The calculating ma- 
chine now constructing under the superintendence 
of the inventor has been executed at the expense of 
the British government, and is of course their prop- 
erty. It consists essentially of two parts — a calcu- 
lating part and a printing part, both of which are 
necessary to the fulfilment of Mr. Babbage^s views, 
for the whole advantage would be lost if the com- 
putations made by the machine were copied by hu- 
man hands and transferred to tjpes by the common 
process. The greater part of*^ the calculating ma- 
chinery is already constructed, and exliibits work- 
manship of such extraordinary skill and beauty that 
nothing approaching to it has been witae^^^i. Vs!t 
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order to execute it, particularly those parts of tin 
apparatus which are dissimilar to any used in ordi 
nary mechanical constructions, tools and machinerr 
of great expense and complexity have been invf nte^ 
and constructed; and in many instances contri- 
vances of singular ingenuity have been resorted to, 
which cannot fail to prove extensively useful in n- 
rious branches of the mechanical arts. 

The drawings of this machinery, which fonn i 
\a.rge part of the work, and on which aU the contri- 
irance has been bestowed, and all the alterations 
made, cover upwards of 400 square feet of muface^ 
And are executed with extraordinary care and pre- 
cision. 

In so complex a piece of mechanism, in which 
interrupted motions are propagate simultaneously 
along a great variety of trains of mechanism, it 
might have been supposed that obstructions would 
arise, or even incompatibilities occur, from the im- 
practicability of foreseeing all the possible combi- 
nations of the parts ; but this doubt has been en- 
tirely removed, by the constant employment of a 
system of mechanical notation invented oy Mr. Bab- 
bage, which places distinctly in view at every in- 
stant the progress of motion through all the parts 
of this or any other machine, and by writing aown 
in tables the times required for all the moTementu, 
this method renders it easy to avoid all risk of two 
opposite actions arriving at the same instant at any 
part of the engine. 

In the printing part of the machine less progress 
has been made in the actual execution than in the 
calculating part. Tlie cause of this is the greater 
difficulty of its contrivance, not for transferring the 
computations from the calculating part to the cop- 
per or other plate destined to receive it, but for giv- 
ing to the plate itself that number and variety of 
movements which the forms adopted in printed ta- 
bles may call lor m \^i?l!cUcu. 
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The practical object of the calculating engine is 
to compute and print a great variety and extent of 
astronomical and navigation tables, which could not 
be done without enormous intellectual and manual 
labour, and which, even if executed by such Is^our, 
could not be calculated with the requisite accuracy. 
Mathematicians, astronomers, and navigators do 
not require to be informed of the real value of such 
tables ; but it may be proper to state, for the informa- 
tion of others, that swenteen large folio volumes of 
logarithmic tables alone were calculated at an 
enormous expense by the French government ; and 
that the British government regarded these tables 
to be of such national value that they proposed to 
the French Board of Longitude to pnnt an abridge 
ment of them at the joint expense of the two na- 
tions, and offered to advance 5000/. for that purpose. 
Besides logarithmic tables, Mr. Babbage's machine 
will calculate tables of the powers and products of 
numbers, and all astronomical tables for determin- 
ing the positions of the sun, moon, and planets ; 
and the same mechanical principles have enabled 
him to integrate innumerable equations of finite 
differences, that is, when the equation of differences 
is given, he can, \yy setting an engine, produce at 
the end of a given time any distant term which may 
be required, or any succession of terms commencing 
at a distant point. 

Besides the cheapness and celerity with which 
this machine will perform its work, the absolute 
accuracy of the printed results deserves especial 
notice. By peculiar oontrivances, any small error 
produced by accidental dust or by any slight inac- 
curacy in one of the wheels, is corrected as soon as 
it is transmitted to tlie next, and this is done in 
such a mannoi as effectujilly to prevent any accu- 
mulation of small errors from producing an erro- 
neous figure m the result. 

In order to convey some idea of this stuQendA^uk 

% 
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undertaking^, we may mention the eflfects produced 
by a small trial engine constructed hy the mventor, 
and by which hp computed the following table from 

the formula df*-4-*+41- Th® figures as they were 
calculated by the machine were not exhibited to the 
eye as in sliding rules and similar instruments, but 
were actually presented to the eye on two opposite 
sides of the machine : the number 383, for exam^e, 
appearing in figures before the person employed ia 
copying. 

TMe calculated by a small Trial Engine, 



41 


131 


383 


797 


1373 


43 


151 


421 


853 


1447 


47 


173 


461 


oil 


1533 


63 


197 


583 


971 


1601 


61 


223 


547 


1033 


1681 


71 


251 


593 


1097 


1763 


83 


281 


641 


1163 


1847 


97 


313 


691 


1231 


1933 


13 


347 


743 


1301 


2021 



While the machine was occupied in calculating 
this table, a friend of the inventor undertook to 
write down the numbers as they appeared. In 
consequence of the copyist writing quickly, he ra- 
ther more than kept pace with the engine, but as 
soon as five figures appeared, the machine was at 
least equal in speed to the writer. At another 
trial thirty-two numbers of the same table were 
calculated in the space of two minutes and thirty- 
seconds., and as these contained eighty-two figures, 
the engine produced thirty-three figures every min- 
ute, or more than one figure in every two seconds. 
On another occasion itproduced/<?r/y-/uar figures per 
minute. This rate of computation could be main- 
tained for any length of time ; and it is probable 

that few writers ate ^\ei \.o co^y with equal speed 

for many hours togelYiei. 
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Some of that class of indiyiduals who env^ all 
great men, and deny all great inventions, have igno- 
rantly stated that Mr. Babbsige^s invention is not 
new. The same persons, had it suited their purpose, 
would have maintained that the invention of spec- 
tacles was an anticipation of the telescope; but 
even this is more true than the allegation that the 
arithmetical machines of Pascal and others were the 
types of Mr. Babbage's engine. The object of these 
machines was entirely different. Their highest 
functions were to perform the operations of com- 
mon arithmetic. Mr. Babbage's engine, it is true, 
can perform these operations also, and can extract 
the roots of numbers, and approximate to the roots 
of equations, and even to their impossible roots. 
But this is not its object. Its function, in contra- 
distinction to that of all other contrivances for cal- 
culating, is to imbody in machinery the method of 
differences, which has never before been done : and 
the effects which it is capable of producing, and 
the works which in the course of a few years we 
expect to see it execute, will place it at an infinite dis- 
tance from all other efforts of mechanical genius.* 

* A popular aecoont of this engine will be found In Mr. Babbace'fe 
laierMUng tolume On th» Economy qf Manii/acturt, joft publiabeo. 
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4«rMf Air uf lugh T«mp«t^rM«r««— Etpcnmeou node tj ttr Jaqift 
0MM, IffT Ckvim IMac4«a, tod Mr. Ctimuirj. 

Thk Mcience o( chymifitry has from its inlaiicy 
been pre-eminently the science of wonders. In her 
laboratory the alchymist and the mai^cian have 
revelled uncontrolled, and from her treasures was 
(orf(oA the Hceptre which was so loni^ and so falallv 
wUMcA ov<;r human reai»on. The changes which 
inkft \}\'.iji:o, in iUa hodir;^ inmif^diately around uh are 
too (t:w in nufiilHJr, and too remote from obsfrvation, 
to tixciUi much of our notice ; but when the sub- 
MtancitN rirocur^d directly from nature, or formed 
canually by art, iK^comc obJectH of inve8tij^tion,tbey 
exhibit in their Mimple or combined actions the most 
extraordinary effcctM. The phenomena which they 
dinplay, and the products which they form, so little 
reHemble thoHC with which wo are familiar, that tlie 
moHt phlegmatic and the least Hpeculativo observer 
muMt have anticipated from them the creation of 
new and valuable (;ompoundH. It can scarcely, 
tlnrefore, bo a matter of Hurnriso that minds of tlie 
lii^heNt order, and spirits oi tho lolliest ambition, 
should have sought in the transnmtations of chym- 
JNtry for tliose spb;ndid f)roducts which were coD- 
<'(ivi'd to be moNt conducive to hum'.m happiness. 

Tlie disciple of Mununon ^rew pale over his cro- 
dhlti in Ilia ardour lo cuivyert tho baser metals into 
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gold: the philosopher pined in secret for the uni- 
versal solvent which might develop the elements 
of the precious stones, and 3deld to him the means 
of their, production; and the philanthropist aspired 
after a universal medicme, which might arrest dis- 
ease in its course, and prolong indefuiitely the life 
of man. To us who live under the meridian of 
knowledge such expectations must appear as pre- 
sumptuous as they were delusive: but when we 
consider that gold and silver were actually produced 
by chymical processes from the rude ores of lead 
and copper; that some of the most refractory 
bodies had 3rielded to the disintegrating and solvent 
powers of chymical agents ; and that the mercurial 

E reparations of the Arabian physicians had operated 
ke charms in the cure of diseases that had resisted 
the feeble medicines of the times, we may find some 
apolog}r for the extravagant expectations of the 
alch3anists. 

An object of lofty pursuit, even if it be one of 
impossible attainment, is not unworthy of philo- 
sophical ambition. Though we cannot scale the 
summit of the volcanic cone, we may yet reach its 
heaving flanks ; and though we cannot decompose its 
loftiest fires, we may yet study the lava which they 
have melted and the products which they have, sub- 
limed. In like manner, though the philosopher's 
stone has not been found, chymistry has derived rich 
accessions from its search; though the general 
solvent has not been obtained, yet the diamond and 
the gems have surrendered to science their adaman- 
tine strength; and though the elixir of life has 
never been distilled, yet other medicines have 
soothed " the ills which flesh is heir to," and pro- 
longed in no slight degree the average term of our 
existence. 

Thus far the pursuits of the alchymist were hon- 
ourable and useful; but when his calling was fol- 
lowed, as it soon was, by men prodigal of fortune 

Z2 
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and of character, science became an mstnunent of 
crime ; secrets unattained were bartered for the gold 
of the credulous and the ignorant, and books innu- 
meral'le were composed to teach these pretended 
secrets to the world. An intellectual reaction, how- 
ever, soon took place, and those very princes who 
had sought to fill their exliausted treasuries at the 
furnace of the chymist were the first to enact laws 
against the frauds which they had encouraged, and 
to dispel the illusions which had so long deceived 
their subjects. 

But even when the moral atmosphere of Europe 
was thus disinfected, chymistry supplied the ma- 
gician with his most lucrative wonders, and those who 
could no longer delude the public with dreams of 
wesdth and longevity now sought to amuse and 
astonish them by the exhibition of their skill. The 
narrow limits of this volume will not permit roe to 
give even a general view of those extraordinary 
effects which this popular science can display. I 
must therefore select from its inexhaustible stores 
those topics which are more striking in their results, 
and most popular in their details. 

One of the most ancient feats of magic was the 
art of breathing flame, — an art which even now 
excites the astonishment of the vulgar. During tha 
insurrection of the slaves in Sicily in the second 
century before Christ, a Syrian named Eunus ac- 

Suircd by his knowledge the rank of their leader, 
n order to establish his influence over their niindi, 
he pretended to possess miraculous power. VThtn 
he wished to inspire his followers with courage, be 
breathed flames or sparks among them from hit 
mouth, at the same time that he was rousing them 
by his eloquence. St. Jerome im'orms us that the 
Rabbi Barchochebas, who hoaded tli*; Jews in their 
last revolt against Hadrian, made them believe that 
he was tlie Me8.siah, by vomiting flames front his 
mouth; and at a lat<r periud, the Emperor Coo> 
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stantins was thrown into a state of alann when Val- 
entinian informed him that he had seen one of the 
body-guards breathing out fire and flames. We are 
not acquainted with the exact methods by which 
these effects were produced ; but Florus informs us, 
that Eunus fiUed a perforated nut-shell with sulphur 
and fire, and having concealed it in his mouth, he 
breathed gently through it while he was speaking. 
This art is performed more simply by the modern 
juggler. Having rolled together some flax or hemp, 
so as to form a ball the size of a walnut, he sets it 
pn fire, and allows it to bum till it is nearly con- 
sumed : he then rolls round it while burning some 
additional flax, and by these means the fire may be 
retained in it for a considerable time. At the com- 
mencement of his exhibition he introduces the ball 
into his mouth, and while he breathes through it the 
fire is revived, and a number of burning sparks are 
projected from his mouth. These sparks are too 
feeble to do any harm, provided he inhales the air 
through his nostrils. 

The kindred art of walking on burning coals or 
red-hot iron remounts to the same antiquity. The 
priestesses of Diana at Castabala in Cappadocia 
were accustomed, according to Strabo, to walk over 
burning coals; and at the annual festival, which 
was held in the temple of Apollo on Mount Soracte 
in Etruria, the Hirpi marched over burning coals, 
and on this account they were exempted from mili- 
tary service, and received other privileges from 
the Roman senate. This power of resisting fire 
was ascribed even by Varro to the use of some 
liniment with which they anointed the soles of their 
feet. 

Of the same character was the art of holding red- 
hot iron in the hands or between the teeth, and of 
plunging the hands into boiling water or melted 
lead. About the close of the seventeenth century, 
an Englishman of the name of Richardson rendered 
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himself famous by chewing burning coals, p^orhtf 
melted lead upon nis tongue, and swallowing melted 

§la8s. That these effects are produced p»itly by 
eception, and partly by a previous preparation of 
the parts subjected to the heat, can scarcely admit 
of a doubt. The fusible metal composed of mer- 
cury, tin, and bismuth, which melts at a low tem- 
perature, miffht easily have been substituted in place 
of lead ; and fluids of easy ebullition may have been 
used in place of boiling water. A solution of sper- 
maceti or sulphuric ether, tinged with alkanet-ioot, 
which becomes solid at 50° of Fahrenheit, and melts 
and boils with the heat of the hand, is supposed to 
be the substance which is used at Naples when the 
dried blood of St. Januarius melts spontaneously, 
and boils over the vessel which contains it. 

But even when the fluid requires a high tempera- 
ture to boil, it may have other properties, which 
enable us to plunge our hands into it with impunity. 
This is the case with boihng tar, which boils at a tem- 
perature of 220°, even higher than that of water. 
Mr. Davenport informs us, that he saw one of the 
workmen m the king's dock-yard at Chatham im- 
merse his naked hand in tar of that'temperature. 
He drew up his coat-sleeves, dipped in his hand and 
wrist, bringing out fluid tar, and pouring it off from 
his hand as from a ladle. The tar remained in com- 
plete contact with his skin, and ho wiped it off with 
tow. Convinced that there was no deception in this 
experiment, Mr. Davenport immersed the entire 
length of his forefinger in the boiling caldron, and 
moved it about a short time before the heat 
became inconvenient. Mr. Davenport ascribes this 
singular effect to the slowness with which the tar 
communicates its heat, which he conceives to arise 
from the abundant volatile vapour which is evolved 
" carrying off rapidly the caloric in a latent state, 
and intervening between the tar and the skin, so as 
to prevent the more rapid communication of heat.* 
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He conceives also, that when the hand is withdrawn, 
and the hot tar adhering to it, the rapidity with which 
this vapour is evolved from the surface exposed to 
the air cools it immediately. The workmen informed 
Mr. Davenport, that if a person put his hand into 
the caldron with his glove on, he would be dread- 
fully burnt ; but this extraordinary result was not put 
to the test of observation. 

But though the conjurers with fire may have 
availed themselves of these singular properties of 
individual bodies, yet the general secret of their art 
consisted in rendering the skin of the exposed parts 
callous and insensible to heat, — an effect which may 
be produced by continually compressing or singeing 
them till the skin acquires a horny consistence. A 
proof of this opinion is mentioned by Beckmann, 
who assures us that in September, 1765, when he 
visited the copper works at Awestad, one of the 
workmen, bribed by a httle money to drink, took 
some of the melted copper in his hand, and. after 
showing it to the company, threw it against a wall 
He then squeezed the fingers of his homy hand 
close to each other, held it a few minutes under his 
arm-pit to make it perspire, as he said, and taking it 
again out, drew it over a ladle filled with melted 
copper, some of which he skimmed off, and moved 
his hand backwards and forwards very quickly by 
way of ostentation. During this performance, M. 
Beckmann noticed a smell lUce that of singed horn 
or leather, though the hand of the workman was not 
t)urned. This callosity of the skin may be effected 
by frequently moistening it with dilute sulphuric 
acid. Some allege that the juices of certain plants 
produce the same effect, while others recommend 
the frequent rubbing of the skin with oil. The 
receipt given by Albertus Magnus for this purpose 
was of a different nature. It consisted of a non-> 
conducting calcareous paste, which was made to ad- 
here to the skin by the sap of the maxihr\SA&:ssfix 
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the slimy seeds of the flea-bane, and the white of 
an egg. 

As the ancients were acquainted with the incom- 
bustibilitjr of asbestos or amianthus, and the art of 
weaving it into cloth, it is highly probable that it 
was employed in the performance of some of their 
miracles, and it is equally probable that it was 8id>- 
sequently used, along with some of the processes 
already described, in enabling the victims of super- 
stition to undergo without hazard the trial of ordeal 
by fire. In every country where this barbarous 
usa^e prevailed, whether in the sanctuary of the 
Chnstian idolater, or in the pagan temple of the 
Bramin, or under the vidld orgies of the African 
savage. Providence seems to have provided the 
means of meeting it with impunity. In Cathohc 
countries this exculpatory judgment -was granted 
chiefly to persons in weak health, who were inca- 
pable of using arms, and particularly to monks and 
ecclesiastics, who could not avail themselves of the 
trial by single combat. The fire ordeal was con- 
ducted in the church under the inspection of the 
clergy : mass was at the same time celebrated, and 
the iron and the victims were consecrated by the 
sprinkling of holy water. The preparatory steps 
were also under the direction of the priests. It was 
necessary that the accused should be placed three 
days and three nights under their care, both before and 
after the trial. Under the pretence of preventing the 
defendant from preparing his hands by art, and in order 
to ascertain the result of the ordeal, his hands were 
covered up and sealed during the three days which 
preceded and followed the fiery application ; and it 
nas been plausibly conjectured by Beckmann, that 
during the first three days the preventive was 
appli^ to those whom they wished to acciuit, and 
that the last three days were requisite to bnng back 
the hands to their natural condition. In these and 
other cases, the acc\]y&ed covi\iiiLQX Y^x« availed him 
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self directly of the use of asbestos gloves, unlesi 
we could suppose them so made as to imitate the 
human skin at a distance; but the fibres of that 
mineral may have been imbedded in a paste which 
applied itself readily to all the elevations and depres- 
sions of the skin. 

In our own times the art of defending the hands 
and face, and indeed the whole body, from the action 
of heated iron and intense fire, has been applied to 
the nobler purpose of saving human life, ana rescu- 
ing property from the flames. The revival and the 
improvement of this art we owe to the benevolence 
ana the ingenuity of the Chevalier Aldini of Milan, 
who has travelled through all Europe to present this 
valual)le gift to his species. Sir H. Davy had long 
ago shown that a safety lamp for illuminating mines 
containing inflammable air might be constructed of 
wire-gauze alone, which prevented the flame within, 
however large or intense, from setting fire to the 
inflammable air without. This valuable property, 
which has been long in practical use, he ascribed to 
the conducting and radiating power of the wire- 

gauze, which carried off" the heat of the flame, and 
eprivcd it of its power. The Chevalier Aldini con- 
ceived the idea of applying the same material in 
combination with other badly conducting substances, 
as a protection against fire. The incombustible 
pieces of dress which he uses for the body, arms, 
and legs are formed out of strong cloth, which has 
been steeped in a solution of alum, while those for 
the head, hands, and feet, are made of clotii of as- 
bestos or amianthus. The headdress is a large cap, 
which envelopes the whole head down to the neck, 
having suitable perforations for the eyes, nose, and 
mouth. The stocking and cap are single, but the 
gloves arc made of double lunianthus cloth, to en- 
able the fireman to take into his hand burning or 
red-hot bodies. The piece of ancient asbestos cloth 
preserved in the Vatican was formeid^'w^ViO^^N^^ 
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mixingr the asbestos with other fihrons substances; 
but M. Aldini has executed a piece of neariy the 
same size, nine feet five inches long, and five feet 
three inches wide, which is much stronger than the 
ancient piece, and possesses superior qualities, in 
consequence of having been woven without the in- 
troduction of any foreign substances. In this manu- 
facture the fibres are prevented from breaking |7 
the action of steam, the cloth is made loose in its 
fsd)ric, and the threads are about the fiftieth of id 
inch in diameter. 

The metallic dress which is superadded to tbese 
means of defence consists of dye principal pieces, 
viz. a casque, or cap, with a mask large enoufdi to 
leave a proper space between it and the asbestos 
cap ; a cuirass with its brassets ; a piece of armour 
for the trunk and thighs ; a pair of boots of double 
wire^gauze ; and an oval shield 5 feet long by dl 
wide, made by stretching the wire-gauze over a 
slender frame of iron. All these pieces are made of 
iron wire-gauze, having the interval between its 
threads the twenty-fifth part of an inch. 

In order to prove the efficacy of this apparatus, 
and inspire the firemen with confidence in its pro- 
tection, he showed them that a finger first envel- 
oped in asbestos, and then in a double case of wire- 
gauze, might be held a long time in the flame of a 
spirit-lamp or candle before the heat became incon- 
venient. A fireman having his hand within a double 
asbestos glove, and its palm protected by a piece of 
asbestos cloth, seized with impunity a large piece 
of red-hot iron, carried it deliberately to the distance 
of 150 feet, inflamed straw with it, and brou;rht it 
back again to the furnace. On other occitsions, the 
firemen handled blazing wood and burning sub- 
stances, and walked during five minutes upon an 
iron grating placed over flaming fagots. 

In order to show how the head, eyes, and lungs 
4re protected, the ^remaxv v^X o\i\.YA vibestos and 
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trire-gauze cap, and the cuirass, and held the shield 
iMfore his breast. A fire of shavings was then 
tieiitBd, and kept burning in a large raised chafing- 
iuh, and the fireman plunged tus head into the 
middle of the flames with his face to tha fuel, and 
in that position went several times round the chaling- 
lish for a period longer than a minute. In a eub- 
lequent trial at Paris, a fireman placed bis bead in 
the middle of a large brasier filled with flaming bay 
■nd wood, as in Fig. 72, and resisted the action of 

Fig. 72. 




be flre dnring five or six minutes, and even ten 
ninutes. 

In the experiments which were made at Paris ■ 
n presence of a committee of the Academy of 
iciences, two parallel rows of straw and ht\)sltci(<y;i^ 
Aa 
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supported by iron wires, were formed at the dis- 
tance of three feet from each other, and extended 
thirty feet in length. When this combustible mast 
was set on fire, it was necessary to stand at the dis- 
tance of eight or ten yards to avoid the heat. The 
flames from both the rows seemed to fill up the 
whole space between them, and rose to the height 
of nine or ten feet. At this moment six firemen, 
clothed in the incombustible dresses, and marching 
at a slow pace behind each other, repeatedly passed 
through the whole length between the two rows 
of fiame, which were constantly fed with additional 
combustibles. One of the firemen carried on his 
back a child eight years old in a wicker basket cov- 
ered with metidlic gauze, and the child had no other 
dress than a cap made of amianthine cloth. 

In February, 1829, a still more striking expenment 
was made in the yard of the barracks of St. Genais. 
Two towers were erected two stories high, and 
were surrounded with heaps of inflamed mate- 
rials, consisting of fagots and straw. The firemen 
braved the danger with impunity. In opposition to 
the advice of iM. Aldini, one of them, with the basket 
and child, rushed into a narrow place, where the 
flames were raging eight yards higli. The violence 
of the fire was so great that he could not bo seen, 
while a thick black smoke spread around, throwing 
out a heat which was unsupportable bv the specta- 
tors. The fireman remained so loner invisible that 
serious doubts were entertained of his safety. He 
at length, however, issued from the fier\' irulf unin- 
jured, and proud of having succeeded in bravinc: so 
great a danger. 

It is a remarkable result of these experiment*, 
that the firemen are able to breathe without diffi- 
culty in the mi<MI«^ of the flames. This ofTfCt is 
owing, not only to tlie heat Immhi; intercr[)t»*d bv the 
wire-gauze as it passes to the lungs, in consequence 
of which its tcmpefAVviie Yyeevim^»i sui^^ortable, but 



EXAXFLES OF KESISTIXO FLaME. ??9 

zlso to the sinrfar rower which iho Invh' ivs:»essr4 
of re«is:ii2z gres: heals, aiui of bnathmj* tur oi \\i^\\ 
temperaiufes. 

A series of curioust exporinu-nts Mrrc nuulf on 
this subject by M. Tillol.in Fraiui'. aiul by Or Y'ox 
dree and Sir Charles BhijrtJen. in Kniiluihl. Mr Jo 
seph Banks, Dr. Solander. ami Sir (*h;trli-N Hl(ii>ilrii 
entered a room in which the air Iiad a tt-iiipMiiitiici 
of igS° Fahr.,and remained tenmiinitcs ; hiil uk itio 
thermometer sank ver>- rapidly, they resoh eti !o c'liii^i' 
the room singly. Dr. Solander went in aloiu', and 
found the heat' 210°, and Sir Joseph fnterrd wluii 
the heat was 211°. Thoup^li exposed to sueh au 
elevated temperature, their lioihes presirvrd !lu«ir 
natural degree of heat. Whi'm-ver they breathed 
upon a thermometer it sank several di'jfn'es ; fViM-y 
expiration, particularly if strongly made, ^avt« ii 
pleasant impression of coolness to their no.^trils, and 
their cold breath cooled their fnigers whi iirvrr il 
reached them. On touching his side, Sir (■iiarli'N 
Blagden found it cold like a corpse, and yri thu hiuit 
of his body imder his tongue was 98°. Jlrmr thry 
concluded that the human body iMisseNNeK the powrr 
of destroying a certain degree of lu'at wh«:u roni 
mnnicated with a certahi degn;e of (juiekncss. 'J'hin 
power, however, varies gr(jatly in (hrt'itn^nl mrdia. 
The same person who exi)erieneed no incronvc 
nience from air heated to 21 T-* roidd just bejir recti 
fled spirits of wine at 130'^, cooling oil at lyw, eoul 
ing water at 123°, fmd cooling quicksilver at 117". 
A familiar instance of this occurred in iUv. Jifiited 
room. All the pieces of mr;lal there, evuii l)i«lr 
Watch-chains, felt so hot, that they could Mrrtreely 
bear to touch them for a moment, whde the air 
from which the met?jl ha/3 derived all iU hent wun 
only unpleasant. MM. I)uh;jrriel and Tillet tth 
served at Rocliefoucault in VnuifJ:, that thegirlw who 
irere accustomed to attend oveua in a bakehouMi; ytfutm 



280 LETTERS ON NATURAL MAGIC. 

capable of enduring for ten minutes a temperaturo 
of 270°. 

The same gentlemen who performed the experi- 
ments above described ventured to expose them- 
selves to still higher temperatures. Sir Charles 
Blagden went into a room where the heat was 1° or 
2° above 260°, and remained eight minutes in this 
situation, frequently walking about to all the dif- 
ferent parts of the room, but standing still most of 
the time in the coolest spot, where the heat was 
above 240°. The air, though very hot, gave no pain, 
and Sir Charles and all the other gentlemen were 
of opinion that they could support a much greater 
heat. During seven minutes. Sir C. Blagden^s 
breathing continued perfectly good, but after that 
time he felt an oppression in his lungs, with a sense 
of anxiety, which induced him to leave the room. 
His pulse was then 144, double its ordinary quick- 
ness. In order to prove that there was no mistake 
respecting the degree of heat indicated by the ther- 
mometer, and that the air which they breathed was 
capable of producing all the well-knoMoi effects of 
such a heat on inanimate matter, they placed some 
eggs and a beef-steak upon a tin frame near the 
thermometer, but more distant from the furnace 
than from the wall of the room. In the space of 
twenty minutes the eggs were roasted quite hard, 
and in forty-seven minutes the steak was not ool^ 
dressed, but almost dry. Another beef-steak, simi- 
larly placed, was rather overdone in thirty-three 
minutes. In the evening, when the heat was still 
more elevated, a third beef-steak was laid in the 
same place, and as they had noticed that the effect 
of the hot air was greatly increased by putting it in 
motion, they blew upon the steak with a pair of 
bellows, and thus hastened the dressing of it to such 
a degree, that the greatest portion of it was found 
to be pretty well done in thirteen minutes. 
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Our disting^shed countrjnnan Mr. Chantry has 
very recently exposed himself to a temperature still 
higher than any which we have mentioned. The 
furnace which he employs for drying his moulds is 
about 14 feet long, 12 feet high, and 12 feet broad. 
When it is raised to its highest temperature, with 
the doors closed, the thermometer stands at 350^, 
and the iron floor is red-hot. The workmen often 
enter it at a temperature of 340°, walking over the 
iron floor with wooden clogs, which are of course 
charred on the surface. On one occasion Mr. 
Chantry, accompanied by five or six of his friends, 
entered the furnace, and, after remaining two min- 
utes, they brought out a thermometer which stood 
at 320°. Some of the party experienced sharp pains 
in the tips of their ears, and in the septum of the 
nose, while others felt a pain in their eyes. 
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fll)K>ntaoeoii8 Combnstion : in the Absorption of Air by powdered Cbar- 
coal, and or Hydrogen by spongy Platinum— Doboreiner's Lamp— 
SponCaneons Combnstion in the Bowels of the Earth— Burning Clifb 
— Burning Soil— Combnstion without Flame— Spontaneous Combus- 
tion of Human Beings — Countess Zangari— Grace Pett— Natural Fire 
Temples of the Guebres— Spontaneous Fires in the Caspian Sea — 
Springs of inflammable Gas near Glasgow— Natural Lighthouse of 
Maracaibo— New elastic Fluids in the Cavities of Gems— Chymical 
Operation going on in their Cavities— Explosions produced in them by 
Heat— Remarkable Changes of Colour fVom chymical Causes — Effects 
of the Nitrous Oxide or Paradise Gas when breatbed-'Remarkable 
Cases described— Conclusion. 

Among the wonderful phenomena which chymistry 
presents to us, there are few more remarkable than 
those of spontaneous combustion, in which bodies 
both animate and inanimate emit flames, and arc 
sometimes entirely consumed by internal fire. One 
of the commonest experiments in chymistry is that 
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of producing inflammation by mixing two fluids per- 
fectly cold. Becker, we believe, was the first per- 
son who discovered that this singular effect was 
produced by mixing oil of vitriol with oil of turpen- 
tine. Borrichios showed that aquafortis produced 
the same effect as oil of vitriol. Tournefort proved 
that spirit of nitre and oil of sassafras took fire 
when mixed: and Homberg discovered that the 
same property was possessed by many volatile oils 
when mixed with spirit of nitre. 

Every person is familiar with the phenomena of 
heat and combustion produced by fermentation. 
Ricks of hay and stacks of com have been fre- 
quently consumed by the heat generated during the 
fermentation produced from moisture; and gun- 
powder magazmes, bams, and paper-mills have been 
often burnt by the fermentation of the materiabi 
which they contained. Galen informs us that the 
dung of a pigeon is sufficient to set fire to a house, 
and he assures us that he has often seen it take fire 
when it had become rotten. Casali likewise re- 
lates, on good autliority, that the fire which consumed 
the groat church of Pisa was occasioned hiv the 
dung of pigeons that had for centuries builtj their 
nests under its roof. 

Among the substances subject to spontar 
conibnstion, pulverized or finely powdered chabcoal 
is one of tlie most remarkable. During tlie last tSurty 
years no fewer than four cases of \\\o siM)ntan(H 
inflammation of powdered charcoal liave taken plWe 
in France. When charcoal is tritunit(?d in tuns v^jdh 
bronze bmisers, it is reduced into the st.ite of tif 
finest lewder. In this condition it has the apj«:] 
ance of an unctuous fluid, and it occui)ies a sp.il 
three times less tlian it does in rods of a!)()ut 
inclies long. In this state of extreme divisioij 
absorbs air much more readily than it does wlwij 
rods This absorption, whicli is so slow as to 
(^uire several days for its completion, is accompar 
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wifh a disengagement of heat, which nses from 340^ 
to 360° nearly of Fahrenheit, and which is the true 
cause of the spontaneous inflammation. The in- 
flammation commences near the centre of the mass, 
at the depth of five or six inches beneath its surface, 
and at this spot the temperature is always higher 
than at any other. Black charcoal strongly distilled 
heats and inflames more easily than the orange, or 
that which is little distilled, or than the charcoal 
made in boilers. The most inflammable charcoal 
must have a mass of at least 661bs. avoirdupois, in 
order that it may be susceptible of spontaneous in- 
flammation. With the other less inflammable va- 
rieties the inflammation takes place only in larger 
masses. 

The inflammation of powdered charcoal is more 
active in proportion to the shortness of the interval 
between its carbonization and trituration. The free 
admission of air to the surface of the charcoal is 
also indispensable to its spontaneous combustion. 

Colonel Aubert, to whom we owe these interest- 
ing results, likewise found that when sulphur and 
saltDetre are added to the charcoal it loses its power 
of inflaming spontaneously. But as there is still an 
absorption of air and a generation of heat, he is 
of opinion that it would not be prudent to leave 
these mixtures in too large masses after tritura- 
tion.* 

A species of spontaneous combustion, perfectly 
analogous to that now described, but produced almost 
instantaneously, was discovered by Professor Dobe- 
reiner of Jena in 1824. He found that when a jet 
of hydrogen gas was thrown upon recently prepared 
Bpongy platinum, the metal became almost instantly 
red-hot, and set fire to the gas. In this case the 
minutely divided platinum acted upon the hydrogen 
gas in the same maimer as the minutely divided 

* 8w Edinlmrgh Joonuil of Sdeaoe, New Series. No. tUL p. 974. 
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charcoal acted upon common air. Heat and com- 
bustion were produced by the absorption of both 
gases, though m the one case the effect was instan- 
taneous, and in the other was the result of a pro- 
longed absorption. 

'fiiis beautiful property of spongy platinum was 
happily applied to the construction of lamps for 
producing an instantaneous light. The form giren 
to the lamp by Mr. Garden of London is shown 
in the annexed figure, where AB is a globe of 

Fig. 73. 




glass, fitting tightly into another glass globe CD 
by a ground shoulder mn. Tlie globe AB termi- 
nates in a hollow tapering neck mnop, on the lo«rer 
end of which is placed a small cylinder of zinc m. 
A brass tube abc i3 fitted at a into the neck of the 
^lobe CD, and tYao>3L|s^ tbi& tube, which is fumiBhed 



D0BBKEINER8 LAMP. 285 

with a stop-cock d, the gas can escape at the small 
aperture c. A brass pin cf, carrying a brass box P 
is made to slide through a hole A, so that the brass 
box P, in which the spongy platinum is placed, can 
be set at any required distance from the apertiure c. 
If sulphuric acid diluted with an equal quantity of 
water is now poured into the vessel AB by its 
mouth at S, now closed with a stopper, the fluid will 
descend through the tube mnoj^, and if the cock d 
is shut, it will compress the air contained in CD. 
The dilute acid thus introduced into CD will act 
upon the ring of zinc op, and generate hydrogen 
gas ; which, after the atmospheric air in CD is let 
off, will gradually fill the vessel CD, the diluted acid 
being forced up the tube opmn into the glass globe 
AB. The ring of zinc op floats on a piece of cork, 
so that when CD is full of hydrogen, the diluted 
acid does not touch the zinc, and consequently is 
prevented from producing any more gas. The in- 
stant, however, that any gas is let off at c, the pres- 
sure of the fluid in the globe AB, and tube mnop^ 
overcomes the elasticity of the remaining gas m 
CD, and forces the diluted acid up to the zinc op, so 
as to enable it to produce more gas to supply what 
has been used. 

The lamp being supplied with hydrogen in the 
manner now described, it is used m the following 
manner : The spongy platinum in P being brought 
near c, the cock d is turned, and the gas is thrown 
upon the platinum. An intense heat is immediately 
produced, the platinum becomes red-hot, and the 
hydrogen inflames. A taper is then lighted at the 
flame, and the cock d is shut. Professor Cumming 
of Cambridge found it necessary to cover up the 
platinum with a cap after every experiment. This 
mgenious chymist Ukewise found, that with platinum 
foil the 9000th part of an inch thick kept in a close 
ti^be, the hydrogen was inflamed; but when the 
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foil was only the eoooth of an inch thick, it 
necessary to raise it previously to a red heat 

Spontaneous combustion is a phenomenon which 
occurs very frequently and often to a great extent 
within the bowels of the earth. The heat by which 
it is occasioned is produced by the decompositioa 
of mineral bodies, and other causes. This neat in- 
creases in intensity till it is capable of melting the 
solid materials which are exposed to it. Gases and 
aqueous vapours of powerful elasticity are generated, 
new fluids of expansive energy imprisoned in cavi- 
ties under great pressure are set free, and thoe 
tremendous agents, acting under the repressing 
forces of the superincumbent strata, exhibit their 
power in desolating earthquakes ; or, forcing their 
way through the superficial crust of the globe, they 
waste their fury in volcanic eruptions. 

When the phenomena of spontaneous combustion 
take place near the surface of the earth their effects 
are of a less dangerous character, though they fre- 
quently give birth to permanent conflagrations, 
which no power can extinguish. An example of 
this milder species of spontaneous combustion has 
been recently exhibited in the burning cliff at Wey- 
mouth ; and a still more interesting one exists at 
this moment near the village of Bradley, in Stafford- 
shire. The earth is here on fire, and this fire has 
continued for nearly sixty years, and has resisted 
every attempt that has been made to extinguish it. 
This fire, which has reduced many acres of land to 
a mere calx, arises from a burning stratum of coal 
about four feet thick and eight or ten yards deep, 
to which the air has free access, in consequence of 
the main coal having been dug from beneath it. The 
surface of the ground is sometimes covered for 
many yards with such quantities of sulphur that it 
can be easily gathered. The calx has been found to 
be an excellent material for the roads, and tho work- 
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men who collect it often find large beds of alum of 
an excellent quality. 

A singular species of invisible combustion, or of 
combustion without flame, has been frequently no- 
ticed. I have observed this phenomenon in the 
small green wax tapers in common use. When the 
flame is blown out, the wick will continue red-hot 
for many hours ; and if the taper were regularly and 
carefully uncoiled, and the room kept free from 
currents of air, the wick would burn on in this way 
till the whole of the taper is consumed. The same 
effects are not produced when the colour of the 
wax is red. In this experiment the wick, after the 
flame is blown out, has sufficient heat to convert 
the wax into vapour, and this vapour, being consumed 
without flame, keeps the wick at its red heat. A 
very disagreeable vapour is produced during this 
imperfect combustion of the wax. 

Prof. Dobereiner of Jena observed that when the 
alcohol in a spirit -of-wine lamp was nearly ex- 
hausted, the wick became carbonized, and though 
the flame disappeared the carbonized part of the 
wick became red-hot, and continued so while a 
drop of alcohol remained, and provided the air in the 
room was undisturbed. On one occasion the wick 
continued red-hot for twenty-four hours, and a very 
disagreeable acid vapour was formed. 

On these pnnciples depend the lamp without flames 
which was originally constructed by Mr. Ellis. It 
is shown in the annexed figure, where AB is the 
lamp, and h a cylindrical coil of platinum wire, the 
hundredth part of an inch in diameter. This spiral 
is so placed that four or five of the twelve coils of 
which the cylinder consists are upon the wick, and 
the other seven or eight above it. If the lamp is 
lighted, and continues burning till the cylindrical 
coil is red-hot, then if the flame is blown out, the 
vapour which arises from the alcohol will by vtA 
combustion keep the coils above \)^ft'wtf:X^^^'^^'« 
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and this red heat will in its turn keep up the Tapor- 
ization of the alcohol till the whole of the alcohol 
18 consumed. The heat of the wire is always sof- 

Fig, 74. 




ficient to kindle a piece of German fungus or salt- 
petre paper, so that a sulphur match may at any 
time be lighted. Mr. GiU found that a wick com- 
posed of twelve threads of the cotton yam com- 
monly used for lamps will require half an ounce of 
alcohol to keep the wire red-hot for eight hours. 
This lamp has been kept burning for sixty hours ; 
but it can scarcely be recommended for a bed-room, 
as an acid vapour is disengaged during the burning 
of the alcohol. When perfumes are dissolved in 
the alcohol, they are diffused through the apart- 
ment during the slow combustion of the vapour. 

A species of combustion without flame, and anal- 
ogous to that which has been described, is exhibited 
in the extraordinary phenomenon of the spontaneous 
combustion of Uving bodies. That animal bodies 
are liable to internal combustion is a fact which 
was well known to the ancients. Many cases which 
have been adduced as examples of spontaneous com- 
bustion are merely cases of individuals who were 
highly susceptible of strong electrical excitation. 
In one of these cases, however, Peter Bovisteau 
aaaerts, that the sparks of fire thus produced reduced 
to ashes the hair o? h ^ovjxvv; tcvaxi*, ^nd John De 
Viana informs us, lYvaX Wvi >N\i^ qI \yK,''^t«^a&^T^Y 
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sician to the Cardinal de Royas, Archbishop of 
Toledo, emitted by perspiration an inflammable mat- 
ter of such a nature, that when the riband which she 
wore over her shift was taken from her, and exposed 
to the cold air, it instantly took fire, and shot forth like 
grains of gunpowder. Peter Borelli has recorded a 
fact of the very same kind respectinff a peasant 
whose linen took fire, whether it was laid up in a 
box when wet, or hung up in the open air. The 
same author speaks of a woman who, when at the 
point of death, vomited flames ; and Thomas Bar- 
tholin mentions this phenomenon as having often 
happened to persons who were great drinkers of 
wine or brandy. Ezekiel de Castro mentions the 
singular case of Alexandrinus Megeteus, a physician, 
from one of whose vertebrae there issued a fire which 
scorched the eyes of the beholders ; and Krantzius 
relates, that during the wars of Godfrey of Boulogne, 
certain people of the territory of Nivers were burn- 
ing with invisible fire, and that some of them cut 
off a foot or a hand where the burning began, in 
order to arrest the calamity. Nor have these effects 
been confined to man. In the time of the Roman 
consuls Gracchus and Juventius, a flame is said to 
have issued from the mouth of a bull without doing 
any injury to the animal. 

The reader will judge of the degree of credit which 
may belong to these narrations when he examines 
the effects of a similar kind which have taken place 
in less fabulous ages, and nearer our own times. 
John Henry Cohausen informs us, that a Polish 
gentleman m the time of the Queen Bona Sforza, 
having drank two dishes of a liquor called brandy- 
wine, vomited flames, and was burned by them ; and 
Thomas Bartholin* thus describes a siigilar accident: 
" A poor woman at Paris used to drink spirit of wine 
plentifully for the space of tluree years, so as to take 

* Aota Bftdiet eC PUlMopMcft HftfiuMUiii^ VSt\ 
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nothinpr else. Her body contracted such a combiis- 
tible disposition, that one night, when she lay down 
on a straw couch, she was all burned to ashes excepi 
her scull and the extremities of her fingers." Jotai 
Christ. Sturmius informs us in the German Epheme- 
rides, that in the northern countries of Europe flames 
often evaporate from the stomachs of those who are 
addicted to the drinking of strong liquors ; amd he 
adds, " that seventeen years before, three noblemeD 
of Courland drank by emulation strong liquors, and 
two of them died scorched and suffocated by afliiM 
which issued from their stomach." 

One of the most remarkable cases of spontane- 
ous combustion is that of the Countess Cornelia 
Zangari and Bandi of Cesena, which has been min- 
utely described by the Reverend Joseph Bianchini, 
a prebend in the city of Verona. This lady, who 
was in the sixty-second year of her age, retired to 
bed in her usual health. Here she spent above 
three hours in familiar conversation with her maid 
and in saying her prayers ; and having at last fallen 
asleep, the door of her chamber was shut. Ajs hei 
maid was not summoned at the usual hour, she 
went into the bed-room to wake her mistress ; but 
receiving no answer, she opened the window, and 
saw her corpse on the floor in the most dreadful 
condition. At the distance of four feet from the 
bed there was a heap of ashes. Her legs, with 
the stockings on, remained untouched, and the 
head, half-burned, lay between them. Nearly all 
the rest of the body was reduced to ashes. The 
air in the room was charged with floating soot. A 
small oil lamp on the floor was covered with ashes, 
but had no oil in it ; and in two candlesticks, which 
stood upright upon a table, the cotton wick of both 
the candles was left, and the tallow of both had 
disappeared. The bed was not injured, and the 
- blankets and sheets were raised on one side, as if a 
person had risen up from it From an examination 
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of all the circumstances of this case, it has been 
generally supposed that an internal combustion had 
taken place ; that the lady had risen from her bed 
to cool herself, and that in her way to open the 
window, the combustion had overpowered her, and 
consumed her body by a process m which no flame 
was produced which could set fire to the furniture 
or the floor. The Marquis Scipio Maffei was in- 
formed by an Italian nobleman who passed through 
Cesena a few days after this event, that he heard it 
stated in that town, that the Countess Zangari was 
in the habit, when she felt herself indisposed, of 
washing all her body with camphorated spirit of 
wine. 

So recently as 1744 a similar example of sponta- 
neous combustion occurred in our own country at 
Ipswich. A fisherman's wife of the name of Grace 
Pett, of the parish of St. Clement's, had been in the 
habit for several years of going down stairs every 
night after she was half-undressed to smoke a pipe. 
She did this on the evening of the 9th of April, 1744. 
Her daughter, who lay in the same bed with her, 
had fallen asleep, and did not miss her mother till 
she awaked early in the morning. Upon dress- 
ing herself, and going down stairs, she found her 
mother's body lying on the right side, with her head 
against the grate, and extended over the hearth 
with her legs on the deal floor, and appearing like a 
block of wood burning with a glowing fire without 
flame. Upon quenching the fire with two bowls of 
water, the neighbours, whom the cries of the daughter 
had brought in, were almost stifled with the smell. 
The truii of the unfortunate woman was almost 
burned to ashes, and appeared like a heap of char- 
coal covered with white ashes. The head, arms, 
legs, and thighs were also much burned. There 
was no fire whatever in the grate, and the candle 
was burned out in the socket of the candlestick, 
which stood by her. The clothes of a child Qxv<vaft. 
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side of her, and a paper screen on the other, were 
untouched ; and Ihe deal floor was neither singed nor 
discoloured. It was said that the woman had dmnk 
plentifully of gin overnight, in welcoming a daughter 
who had recently returned from Gibraltar. 

Among the phenomena of the natural world which 
are related to those of spontaneous combustion are 
what have been called the natural fire temples of 
the Guebres, and the igneous phenomena which 
are seen in their vicinity. The ancient sect of the 
Guebres or Parsees, distinguished from all othw 
sects as the worshippers of fire, had tiieir origin in 
Persia; but, being scattered by persecution, they 
sought an asylum on the shores of India. Those 
who refused to expatriate themselves continued to 
inhabit the shores of the Caspian Sea, and the cities 
of Ispahan, Yezd, and Kerman. Their great fire 
temple called Attush Kudda stands in the vicinity 
of Badku, one of the largest and most commodious 
ports in the Caspian. In the neighbourhood of this 
town the earth is impregnated with naphtha, an in- 
flammable mineral oil, and the inhabitants have no 
other fuel, and no other light, but what is derived 
from this substance. 

The remains of the ancient fire temples of the 
Geubres are still visible about ten miles to the north- 
east of the town. The temple in which the deity 
is worshipped under the form of fire is a space 
about thirty yards square, surrounded with a low 
wall, and containing many apartments. In each of 
these a small volcano of sulphureous fire issues 
from the ground, through a furnace or funnel in 
the shape of a Hindoo altar. On closing the funnel 
the fire is instantly extinguished ; and by placing 
the ear at the aperture a hollow sound is heard, ac- 
companied with a strong current of cold air, which 
may be lighted at pleasure by holding to it any 
burning substance. The flame is of a pale clear 
colour, without any perceptible smoke, and emits a 
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highly sulphureous vapour, which impedes respira- 
tion, unless when the mouth is kept beneath the 
level of the furnace. This action on the lungs 
gives the Guebres a wan and emaciated appear- 
ance, and oppresses them with a hectic cough, which 
strangers also feel while breathing this insalubrious 
atmosphere. 

For about two miles in circumference round the 
principal fire, the whole ground, when scraped to 
the depth of two or three inches, has the singular 
property of being inflamed by a burning coal. In 
this case, however, it does not communicate fire to 
the adjacent ground : but if the earth is dug up with 
a spade, and a torch brought near it, an extensive 
but instantaneous conflagration takes place, in which 
houses have often been destroyed, and the lives of 
the people exposed to imminent danger. ' 

When the sky is clear and the weather serene, 
the springs in their ebullition do not rise higher 
than two or three feet ; but in gloomy weather, and 
during the prevalence of stormy clouds, the springs 
are in a state of the greatest ebullition, and the 
naphtha, which often takes fire spontaneously at the 
earth's surface, flows burning in great quantities to 
the sea, which is frequently covered with it, in a 
state of flame, to the distance of several leagues from 
the shore. 

Besides the fires in the temple, there is a large 
one which springs from a natural cliff in an open 
situation, and which continually bums. The general 
space in which this volcanic fire is most abundant 
is somewhat less than a mile in circuit. It forms a 
low flat hill sloping to the sea, the soil of which is a 
sandy earth mixed with stones. Mr. Forster did 
not observe any violent eruption of flame in the 
coimtry around the Attush Kudda ; but Kinneir in- 
forms us that the whole country round Badku has at 
times the appearance of being enveloped in flamea. 
"It often seems," he adds, "aa \i Wva ^^,x^5^^^ 

Bbd 
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v F I down from the mountains in large masses, anc 

incredible velocity ; and during the clear mooi 

nights of November and December, a brigh 

■^ '.' light is observed at times to cover the whole w< 

jL, . range. The fire does not consume, and if a p 

I i finds himself in the middle of it no warmth is 

I The inhabitants apply these natural fires 1 

mestic purposes, by sinking a hollow cane, or n 

' a tube of paper, about two inches in the groun 

by blowing upon a burning coal held near the i 

\ I of the tube there issues a slight flame, ^ 

neither bums the cane nor the paper. By i 

of these canes or paper tabes, from which tl 

issues, the inhabitants boil the water in their 

luns, and even cook different articles of food. 

flame is put out by merely plugging up the o 

The same tubes are employed for illuminating h 

that are not paved. The smell of naphtha 

course diflused through the house, but aAei 

person is accustomed to it, it ceases to be dis? 

able. The inhabitants also employ this natun 

in calcining lime. The quantity of naphtha 

cured in the plain to the south-east of Bad 

enormous. It is drawn from wells, some of ^ 

yield from 1000 to 1500lbs. per day. As so( 

these wells are emptied, they fill again till the 

tha rises to its original level.* 

Inflammable gases issuing from the earth 
been used both in the old and in the new worl 
domestic purposes. In the salt mine of Gotte 
at Rheims, in the county of Fecklenburg, ther 
pit called the Pit of the Wind, from which a cor 
current of inflammable gas has issued for 
years. M. Boeder, the inspector of the mine! 
used this gas for two years, not only as a ligh 
for all the purposes of domestic economy, li 
pits which are not worked, he collects the gas 

* Set Fonter^ Travels, and ILiniMtfa Gi«oi 
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conye3rs it in tubes to his house. It bums with a 
white and brilliant flame, has a density of about 0.6G, 
and contains traces of carbonic acid gas and sul- 
phuretted hydrogen.* 

Near the village of Fredonia, in North America, 
on the shores of Lake Erie, are a number of burn- 
ing springs, as they are called. The inflammable 
gas which issues from these springs is conveyed in 
pipes to the village, which is actually lighted by 
ttiem.t 

In the year 18S8, a copious spring of inflammable 
gas was discovered in Scotland in the bed of a rivu- 
let which crosses the nOfQ^ road between Glasgow 
and Edinburgh, a little to the east of the seventh 
mile-stone from Glasgow, and only a few hundred 
yards from the house of Bedlay. The gas is said to 
issue for more than half a mile along the banks of 
the rivulet. Dr. Thomson, who has analyzed the 
gas, saw it issuing only within a space aliout fifty 
yards in length, and about half as much in breadth. 
'* The emission of gas was visible in a good many 

§ laces along the declivity to the rivulet in the imme- 
iate neighbourhood of a small farm-house. The 
farmer had set the gas on fire in one place about a 
yard square, out of which a great many small jets 
were issuing. It had burnt without mterruption 
during five weeks, and the soil (which was clay) 
had assumed the appearance of pounded brick all 
around. 

" The flame was yellow and strong, and resembled 
perfectly the appearance which carburetted hydrogen 
gas or fire-damp presents when burnt in daylight. 
But the greatest issue of gas was in the rivulet itself, 
distant about twenty yards from the place where 
the gas was burning. The rivulet when I visited 
the place was swollen and muddy, so as to prevent 
its bDttom from being seen. But the gas issued up 

• EdinbBifli Joonal of Bdcnfie,'Ko.x^.'y.YS^ \1M^ 
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through it in one place with great violence, as if it 
had been in a state of compression under the sur- 
fece of the earth ; and the thickness of the jet could 
not be less than two or three inches in diameter. 
We set the gas on fire as it issued through the 
water. It burnt for some time with a good deal of 
splendour ; but as the rivulet was swollen, and rush- 
ing along with great impetuosity, the regularity of 
. the issue was necessarily disturbed, and the gas was 
extinguished." Dr. Thomson found this gas to con- 
sist of two volumes of hydrogen gas and one volome 
of vapour of carbon ; and as its specific gravity was 
0.555, and as it issues in great abundance, he re- 
marks that it might be used for filling air-baUoons. 
" Were we assured," he adds, " that it would con- 
tinue to issue in as great abundance as at present, 
it might be employed in lighting the streets of 
Glasgow."* 

A very curious natural phenomenon, called the 
Lantern or Natural Lighthouse of Maracaibo, has 
been witnessed in South America. A bright light is 
seen every night on a mountainous and uninhabited 
spot on the banks of the river Catatumbo, near its 
junction with the Suiia. It is easily distinguished 
at a greater distance than forty leagues, and as it is 
nearly in the meridian of the opening of the Lake 
of Maracaibo, navigators are guided by it as by a 
lighthouse. This phenomenon is not only seen 
from the seacoast, but also from the interior of the 
country, — at Merida, for example, where M. P^acios 
observed it for two years. Some persons have as- 
cribed this remarkable phenomenon to a thunder- 
storm, or to electrical explosions, which might take 
place daily in a pass in the mountains ; and it has 
even been asserted that the rolling of thunder is 
heard by those who approach the spot. Others 
suppose it to be an air volcano, like those on the 

* JEdlolmiili Jooinil of fkkiLce.'^o.V'^tw VseM^v*vv^^ 
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Lspian Sea, and that it is caused by asphaltic soils, 
e those of Mena. It is more probable, however, 
it it is a sort of carburetted hydrogen, as hydrogen 
s is disengaged from the gromid in the same dis- 
ct.* 

Grand as the chymical operations are which are 
ing on in the great laboratory of Nature, and 
irming as their effects appear when they are dis- 
lyed in the terrors of the earthquake and the vol- 
10, yet they are not more wonderful to the phi- 
opher than the minute though analogous opera- 
ns which are often at work near our own persons, 
seen and unheeded. It is not merely in the 
(vels of the earth that highly expansive elements 
i imprisoned ana restrained, and occasionally 
I^ into tremendous action by the excitation of 
at and other causes. Fluids and vapours of a 
lilar character exist in the very gems and precious 
>nes which science has contributed to luxury and 
the arts. 

[n examining with the microscope the structure 
mineral bodies, I discovered in the interior of 
ny of the gems thousands of cavities of various 
ms and sizes. Some had the shape of hoUow 
1 regularly formed crystals ; others possessed the 
>st irregular outline, and consisted of many cavi- 
s and branches united without order, but aU com- 
micating with each other. These cavities some- 
les occurred singly, but most fre(}uently in groups, 
ming strata of cavities at one time perfectly flat 
i at another time curved. Several such strata 
re often found in the same specimen, sometimes 
allel to each other, at other times inclined, and 
ming all varieties of angles with Jhe faces of the 
ginad crystal. 

rhese cavities, which occurred in sapphire, chryso* 
yly topaz, heryly quartz, amethyst, peridot, and Ouier 

* Humboldt's Fenonal Narrative, 'vtjl. Vv . ^. ^fibA^xffiKA. 
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robstanceB, were sometimes fn^fficienU^ large to be 
diBtinctljr Men by the naked eye, but moat fre- 
quently they were bo small aa to require a hi^ 
■nagniiying power to be well seen, and often tbef 
were so exceedingly minute that the highest mag- 
nifying powers were imabte to exhibit their out- 
Une. 

The greater number of these carities, whether 
large or email, contain two new fluids different from 
any hitherto known, and pOBsessing remarWile 
physical properties. These two ftii£ are in gen- 
eral perfectly transparent and colourless, and they 
exist in the same cavity in actual contact, without 
mixing together in the slightest degree. One of 
them exp^kds IhiTty times more than water, and at 
a temperature of about 80° of Fahrenheit it expaoda 
so as to fill up the vacuity in the cavity. This wil 
be understood from the annexed ^ure, wher« 



JV- IS. 




ABCD is the cavity, mnpo the highly expansiUa 
fluid in which at low temperatures there is alwaTi 
a vacuity V, like an air-bubble in common fluid*, 
and Amn, Cop, the second fluid occupying the angle* 
A and C. When heat such as that of the liand i» 
applied to the specimen, the vacuity V gradually 
contracts in size, and wholly vanishes at a tempen- J 
tore of about eo", as shown in Fig. 78. The floida ! 
are shaded, aa in these two figures, when they t» 
teea by light reflected {iom&«\i wa^«.^. | 
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Fig.7e. 




When the cavities are large, as in Fig. 77, com- 
pared with the qosntity of expansible Sutd tnnpo, 
the heat converts the fluid into vapour, an efi%ct 




which is shown by the circular cavity V becom- 
ing larger and larger till it fills the whole space 

When any of these cavities, whether they are 
filled with fluid or with vapour, is allowed to cool, 
the vacuity V reappears at a certain temperature. 
Id the fluid cavities the fluid contracts, and the small 
vacuity appears, which grows larger and larger till 
it resumes its original size. When the cavltiea are 
large several smdl vacuities make their appearance 
and gradually unite into one, though they sometinieft 
remain separate. In deep c&i\lie& ^ 's«t^ '^^akSl- 
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able phenomenon accompanies the reappearance of 
the vacuity. At the instant that the fluid has ac- 
quired the temperature at which it quits the sides 
of the cavity, an effervescence or rapid ebuliilion 
takes place, and the trimsparent cavity is for a mo- 
ment opaque, with an infinite number of minute 
vacuities, which instantly unite into one, that jjoes 
on enlar^rin^ as the temperature diminishc^s. In tiic 
vapour cavities the vapour is reconverted by the 
cold into fluid, and the vacuity V, Fig. 77, graduallv 
contracts till all the vapour has been preci|»tatea. 
It is curious to observe, when a groat number of 
cavities are seen at once in the field of the mirro- 
scope, that the vacuities all disappear and reappear 
at the same instant. 

While all these changes are going on in the ex- 
pansible fluid, the other denser fluid at A and C, 
Fig. 75, 70, remains unchcmp^ed either in its form 
or magnitude. On this account I experienced con- 
siderable diflficulty in proving that it was a fluid. 
The improbability of two fluids existing in a trans- 
parent state in absolute contact, without mixing in 
the slightest di^^^rce or acting upon each other, in- 
duced many persons to whom I showed the ph«- 
nomenon to consider tlie lines mn, op, Fig. 75. 76, 
as a partition in the cavity, or the spaces Amn, 
Copf either as filled with solid matter, or as comers 
into which the expanding fluid would not penetrate. | 
The regular curvature, however, of the boundary . 
line 7nm>p, and other facts, rendered these supposi- I 
tions untenable. I 

This diflUculty was at last entirely removed by ' 
the discovery of a cavity of the form shown in the 
annexed figure, whore A, H, and O are three p^T- 
tions of th<' <;x|)ansiblo fluid separated by tlie inter- 
|>osition of the second fluid DKF. Thr first por- 
tion A of tho expansible fluid had four vacuitiei 
V, Xf y, Z, while Uic! other two portions B, C,)aA 
no vacuity. In order \o i\v\.vmvwu\c if the vacoitkf 
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of the portions B, C, had passed over to A, I toolc 
an accurate drawing of the appearance at a tem- 
perature of 50^, as shown in the figure, and I watched 

Fig. 18 




the changes which took pdace in raising the tem- 
perature to 83°. The portion A gradually expanded 
itself till it filled up all the four vacuities V, X, Y, 
and Z ; but as the vacuities B, C, had no vacuities, 
they could expand themselves only by pushing back 
the supposed second fluid DEF. This effect actually 
took place. The dense fluid quitted the side of the 
cavity at F. The two portions B, C, of the expan- 
sible fluid instantly united, and the dense fluid having 
retreated to the limit mnno, its other limit advanced 
to pqr, thus proving it to be a real fluid. This ex- 
periment, which I have often shown to others, in- 
volves one of those rare combinations of circum- 
stances which nature sometimes presents to us in 
order to illustrate her most mysterious operations. 
Had the portions B, C, been accompamed, as is 
usual, with their vacuities, the interposed fluid would 
have remained immoveable between the two equal 
and opposite expansions ; but owing to the accidental 
circumstance of these vacuities having passed over 
into the other branch A of the cavity, the fluid yielded 
to the difference of the ei^ansive forces between 
which it lay, and thus exhibited its fluid charaotei 
to the eye. 

Co 
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'When we examine these cSivities narrowly, we 
find that they are actually little laboratories, in 
which chyroical operations are constantly goiag on, 
and beautiful optical phenomena continuallv dis- 
playing themselves. Let ABDC, for example, be 

Fig. 19. 




the summit of a crystallized cavity in topaz, SS 
representing the dense, NN the expansible flnid, 
bounded by a circular line abed, and W the Y8- 
Guitv in the new fluid, bounded by the circle efgk. 
If tne face ABDC is placed under a componnd 
microscope, so that light may be refiected at an 
angle less than that of total reflection, and if the 
observernowlooks through the microscope, the tent- 

Serature of the room being 50°, he will see the seconl 
uid SS shining with a very feeble reflected light, 
the dense fluid NN with a light perceptibly brighter, 
and the vacuity VV with a light of considerable 
briUiancy. The bonndaries abed, efeh, are marked 
by a well defined outline, and also hy the concen- 
tnc coloured rings of thin plates produced \tf 
the extreme thinness of each of the fioids at their 
edges. 
Jt the tempeiatwe of tlbfi lOQm is raised slowly 
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to 58^, a brown spot will appear at « in the centre 
of the vacuity W. This spot indicates the com- 
mencement of evaporation from the expansible fluid 
below, and arises from the partial precipitation of 
the vapour in the roof of the cavity. As the heat 
increases the brown spot enlarges and becomes 
very dark. It is then succeeded by a white spot, 
and one or more coloured rings rise in the centre 
of the vacuity. The vapour then seems to form a 
drop, and al/. the rings disappear by retiring to the 
centre, but only to reappear with new lustre. 
During the application of heat, the circle of efgh 
contracts and dilates like the pupil of the eye. 
When the vaporization is so feeble as to produce 
only a single ring of one or two tints of the second 
order, they vanish instantly by breathing upon the 
crystal, but when the slight heat of the breath 
reaches the fluid, it throws off fresh vapour, and the 
lings a^in appear. 

If a drop of ether is put upon the cr3nstal when 
the rinffs are in a state of rapid play, the cold pro- 
duced by its evaporation causes them to disappear, 
till the temperature again rises. When the tem- 
Pierature is perfectly uniform, the rings are sta- 
tionary, as shown between V and V in Fig. 79 ; and 
it is interesting to observe the first ring produced 
by the vapour swelling out to meet the first ring at 
the margin of the fiuid, and sometimes coming so 
near it that the darkest parts of both form a broad 
black band. As the heat increases, the vacuity VV 
diminishes and disappears at 79^, exhibiting many 
curious phenomena, which we have not room to 
describe. 

Having fallen upon a method of opening the cavi- 
ties, and looking at the fluids, I was able to examine 
their properties with more attention. When the 
expansible fluid first rises from the cavity upon the 
Burface of the topaz, it neither remains stiU like 
the fixed oils, nor disappears like qw^t^^aA^^ss^S^b^ 
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Undor the influence, no donbt, of heat and moisturo 
it is in a state of constant motion, now spreading 
itself on a thin plate over a large surface, and now 
contracting itself into a deeper and much less ex- 
tended drop. These contractions and extensions 
are marked by very beautiful optical phenomena. 
When the fluid has stretched itself out into a thin 
plate, it ceases to reflect light like the thinnest part 
of the soap-bubble, and when it is again accumulated 
into a thicker drop, it is covered with the coloured 
rings of thin plates. 

After performing these motions, which sometimes 
last for ten minutes, the fluid suddenly diss^peais, 
and leaves behind it a sort of granular residue. 
When examining this with a single microscope, it 
again started into a fluid state, and extended and con- 
tracted itself as before. This was owing to the ho- 
midity of the hand which held the microscope, and 
I have been able to restore by moisture the fluidity 
of these grains twenty days after they were formed 
from the fluid. This portion was shown to the Rev- 
erend Dr. Fleming, who remarked, that had he ob- 
served it accidentally, he would have ascribed its 
apparent vitality to the movements of some of the 
ammals of the genus Planaria. 

After the cavity has remained open for a day or 
two, the dense fluid comes out and quickly hardens 
into a transparent and yellowish resinous-looking 
substance, which absorbs moisture, though with less 
avidity than the other. It is not volatilized by heat, 
and is insoluble in water and alcohol. It readily 
dissolves, however, with effervescence in the sul- 
phuric, nitric, and muriatic acids. The residue of 
the expansible fluid is volatilized by heat, and is 
dissolved, but without effervescence, in the above- 
mentioned acids. The refractive power of the dense 
fluid is about 1.395, and of the expansible one 1.131. 

The particles of the dense fluid have a very pow- 
erfid attraction for eack oX\k&x ^aod for the mineral 
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which contams them, while those of the expansible 
fluid have a very slight attraction for one another, 
and also for the substance of the mineral. - Hence 
the two f uids never mix, the dense f uid beinf at- 
tracted to the angles of angular cavities, or fiSing 
the narrow necks by which two cavities communi- 
cate. The expansible fluid, on the other hand, fills 
the wide parts of the cavities, and in deep and round 
cavities it lies above the dense fluid. 

When the dense fluid occupies the necks which 
join two cavities, it performs the singular function 
of a fluid valve, opening and shutting itself accord- 
ing to the expansions or contractions of the other 
fluid. The fluid valves thus exhibited in action may 
suggest some useful hints to the mechanic and the 
philosopher, while they aflbrd ground of curious 
speculation in reference to the functions of animal 
and vegetable bodies. In the larger organizations 
of ordmary animals, where gravity must in general 
overpower, or at least modify, the influence of ca- 
pillary attraction, such a mechanism is neither ne- 
cessary nor appropriate ; but, in the lesser functions 
of the same animals, and in almost all the micro- 
scopic structures of the lower world, where the force 
of gravity is entirely subjected to the more powerful 
energy of capillary forces, it is extremely probable 
that the mechanism of immiscible fluids and fluid 
valves is generally adopted. 

In several cavities in minerals I have found crys- 
tallized and other bodies, sometimes transparent 
crystals, sometimes black spicular crystals, and 
sometimes black spheres, all of which are moveable 
within the cavity. In some cavities the two new 
fluids occur in an indurated state, and others I have 
found to be lined vdth a powdery matter. This last 
class of cavities occurred in topaz, and they were 
distinguished from all others by the extraordinarY 
beauty and sjrmmetry of their \orav. ^x^a <a5l "^^!^ 
cavities represented a fineVy oraaxfiksti^^^ ^r«^cc^% 

C ca 
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^nd, mhai is stiU more singalar, the different parts 
of which it is composed lay in dijOTerent planes. 

When the gem which contains the highly expan- 
sive fluid is strong, and ^e cavity not near the sortace, 
heat may be applied to it without danger, but in ih» 
course of my experiments on this subject, the min- 
eral has often burst with a tremendous explosion, 
and in one case wounded me on the brow. An zc- 
cident of the same kind occurred to a gentleman, 
who put a crystal into his mouth for the purpose of 
expanding the fluid. The specimen burst with great 
force and cut his mouth, and the fluid which was 
discharged from the cavity had a very disagreeaUe 
taste. 

In the gems which are peculiarlj^ aqnnropriatedfor 
female ornaments, cavities containmg the expanmble 
fluid frequently occur, and if these cavities should 
happen to be very near the surface or the edge of the 
stone, the fever neat of the body might be sufficient 
to burst them with an alarming and even dangerous 
explosion. I have never heard of any such accident 
having occurred; but if it has, or if it ever shall 
occur, and if its naturally marvellous character shall 
be heightened by any calamitous results, the phe- 
nomena described in the preceding pages will strip 
it of its wonder. 

There are no facts in chymistry more interesting 
than those which relate to the changes of colour 
which are produced by the mixture of fluids, and to 
the creation of brilliant colours by the combination 
of bodies in which no colouring matter is visible. 
Feats of this kind are too common and too generally 
known to require to be noticed in a work like this. 
The art of producing such changes was known to 
some of the early impostors, who endeavoured to 
obtain a miraculous sanction to their particular dog- 
mas. Marcos, the head of one of the sects that 
wished to enfi^ft paganism \ipotvChnstiamty, is said 
to have Med three tian&^^eiDX ^£^asMi%^«SSOGk^Vi^ 
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wine, and while he prayed, the wine in one of the 
glasses became red like blood, that in another became 
purple, and that m the third sky-blue. Such trans- 
formations present no difficulty to the ch3nmist. 
There are several fluids, such as some of the col- 
oured juices of plants, which change their colour 
rapidly and without any additional ingredient ; and 
in other cases, there would be no difficSty in making 
additions to fluids, which should produce a change 
of colour at any required instant. 

A very remarkable experiment of an analogous 
nature has been publicly exhibited in modem times. 
Professor Be3rruss, who lived at the court of the 
Duke of Brunswick, one day pronounced to his 
highness that the dress which he wore should during 
dinner become red ; and the change actually took 
place, to the astonishment of the pnnce and the rest 
of his guests. M. Vogel, who has recorded this cu- 
rious fact, has not diioilged the secret of the Ger- 
man ch3rmist; but he observes, that if we pour 
lime-water into the juice of beet-root, we shall ob- 
tain a colourless liquid ; and that a piece of white 
cloth dipped in this liquid and dried rapidly will in a 
few hours become red by the mere contact of air. 
M. Vogel is also of opinion that this singular effect 
would be accelerated in an apartment where cham- 
paign or other fluids charged with carbonic acid are 
poured out in abundance. 

Among the wonders of chymistry we must num- 
ber the remarkable effects produced upon the human 
frame by the inhalation oi paradise or intoxicating ^as, 
as it has been called. This gas is known to chymists 
by the name of the nitrous oxide, or the gaseotis ox 
ide of azote, or the protoxide of nitrogen. It differs 
from atmospheric air only in the proportion of its 
ingredients, atmospheric air being composed of 
twenty-seven parts of oxygen and seventy-three of 
nitrogen, whQe the nitrous oxide consists of this^-> 
iOTen paurts of oxygen axid ftVx>^-^«^«BL ^"^ xstoa^j^^x. 
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The most convenient wa^ of procuring the ffas is to 
expose nitrate of ammonia in a tubulated ^ass re- 
tort to the heat of an argand^s lamp between 400^ 
and 500^ of Fahrenheit. The salt first melts ; bub- 
bles of gas begin to rise from the mass, and in a 
short time a brisk effervescence takes place, which 
continues till all the salt has disappearca. The pro- 
ducts of this operation are the nitrous oxide and 
water, the watery vapour being condensed in the 
neck of the retort, while the gas is received o?er 
water. The gas thus obtained is generally white, 
and hence, when it is to be used for the purposes of 
respiration, it should remain at least an hour over 
water, which will sibsorb the small quantity of acid 
and of nitrate of ammonia which adhere to it. A 
pound of the nitrate of ammonia will in this way 

S'eld five cubic feet of gas fit for the purpose of inha- 
tion. 

It was discovered by Sir Humphry Davy that this 
gas could be safely taken into the lungs, and that it 
was capable of supporting respiration for a few min- 
utes. In making this experiment he was surprised 
to find that it produced a singular species of mtox- 
ication, which he thus describes : " I breathed," says 
he, ** three quarts of oxide from and into a silk big 
for more than half a minute without previously 
closing my nose or exhausting my lungs. The fait 
inspiration caused a slight degree of giddiness. This 
was succeeded by an uncommon sense of fulness 
in the head, accompanied with loss of distinct seD- 
sation and voluntary power, a feeling analogous to 
that produced in the first stage of intoxication, bat 
unattended by pleasurable sensations.** In de- 
scribing the effects of another experiment, he says, 
" Having previously closed my nostrils and exhausted 
my lungs, I breathed four quarts of nitrous oxide 
from aira into a silk bag. The first feelings were 
similar to those produced mlVve last experiment, bat 
10 less than ball ammu\AA\ieie%\^T^\Q)\\.\^\i!^<:^ 
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tinued, they diminished gradually, and were suc- 
ceeded by a highly pleasurable thrilling, particularly 
in the chest and the extremities. The objects around 
me became dazzling, and my hearing more acute. 
Towards the last respiration the thrilling increased, 
the sense of muscular power became greater, and at 
last an irresistible propensity to action was indulged 
in. I recollect but indistinctly what followed; I 
knew that my motions were varied and violent. 
These effects very rarely ceased after respiration. 
In ten minutes I had recovered my natural state of 
mind. The thrilling in the extremities continued 
longer than the other sensations. This experiment 
was made in the morning ; no languor nor exhaustion 
was consequent, my feehngs through the day were 
as usual, and I passed the night in undisturbed 
repose." 

In giving an account of another experiment with 
this gas, Sir Humphry thus describes his feelings ; 
*' Immediately after m3r return from a long journey, 
being fati^^ed, I respired nine quarts of nitrous 
oxide, havmg been precisely thirty-three days with- 
out breathing any. The feelings were different 
ft'om those 1 had experienced on former experi- 
ments. After the first six or seven respirations, 
I gradually began to lose the perception of external 
things, and a vivid and intense recollection of some 
former experiments passed through my mind, so 
that I called out, ' What an annoying concatenation 
of ideas.' " 

Another experiment made by the same distin- 
guished chymist was attended by still more remark- 
able results. He was shut up in an air-tight breath- 
ing box, having a capacity of about nine and a half 
cubic feet, and he allowed himself to be habituated 
to the excitement of the gas, which was gradually 
introduced. After having undergone this operation 
for an hour and a quarter, during which eighty quarts 
of gas were thrown in, he came out of the box^aoA. 
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began to respire twenty quarts of unmingled nitrons 
oxide. " A thrilling," says he, " extending from the 
chest to the extremities, was almost immediately 
produced. I felt a sense of tangible extension, 
highly pleasurable in every kind, my visible im- 

Fressions were dazzling, and apparently magnified, 
heard distinctly every sound in the room, and was 
perfectly aware of my situation. By degrees, as 
the pleasurable sensation increased, I lost all con- 
nexion with external things ; trains of vivid visible 
images rapidly passed through my mind, and were 
connected with words in such a manner as to pro- 
duce perceptions perfectly novel. I existed m a 
world of newly connected and newly modified 
ideas. When I was awakened from this same de- 
lirious trance by Dr. Kinglake, who took the bag 
from my mouth, indignation and pride were the 
first feelings produced by the sight of the persons 
about me. My emotions were enthusiastic and 
sublime, and for a moment 1 walked round the room, 
perfectly regardless of what was said to me. As 
I recovered my former state of mind, I felt an in- 
clination to communicate the discoveries I had 
made during the experiment. I endeavoured to 
recall the ideas ; they were feeble and indistinct. 
One recollection of terms, however, presented itself: 
and with the most intense belief and prophetic 
manner I exclaimed to Dr.' Kinglake, '' Nothing ex- 
ists but thoughts ; the universe is composed of im- 
pressions, ideas, pleasures, and pains.' " 

These remarkable properties mduced several per- 
sons to repeat the experiment of breathing this ex- 
hilarating medicine. Its effects were, as might 
have been expected, various in different individi^ ; 
but its general effect was to produce in the gravest 
and mostphle^atic the highest degree of exhilara- 
tion and nappmess, unaccompanied with languor or 
depression. In some it created an irresistible dis- 
position to laugh, and in ol\iet^ ^^toi^nsity to nva^ 
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cular exertion. In some it impaired the intellectual 
functions, and in several it had no sensible effect, 
even when it was breathed in the purest state and 
in considerable quantities. It would be an inqmry 
of no slight interest to ascertain the influence oi 
this gas over persons of various bodily tempera- 
ments, and upon minds varying in their mtellectual 
and moral character. 

Although Sir Humphry Davy experienced no im- 
pleasant effects from the inhalation of the nitrous 
oxide, yet such effects are undoubtedly produced ; 
and there is reason to believe that even permanent 
changes in the constitution may be induced by the 
operation of this remarkable stimulant. Two very 
interesting cases of this kind presented themselves 
to Professor SiUiman of Y^e College, when the 
nitrous oxide was administered to some of his 
pupils. The students had been in the habit for sev- 
ered years of preparing this gas and administering 
it to one another, and these two cases were the 
only remarkable ones which deserved to be recorded. 
We shall describe them in Professor Silliman's own 
words : — 

*' A gentleman about nineteen years of age, of a 
sanffuine temperament and cheerful temper, and 
inthe most perfect health, inhaled the usual quan- 
tity of the mtrous oxide when prepared in the ordi- 
nary manner. Immediately his feelings were un- 
commonly elevated, so that, as he expressed it, he 
could not refrain from dancing and snouting. In- 
deed, to such a degree was he excited, that he was 
thrown into a frightful fit of deUrium, and his exer- 
tions became so violent that after a while he sank 
to the earth exhausted, and there remained, until 
having by quiet in some degree recovered his 
strength, he again arose only to renew the most 
convulsive muscular efforts, and the most piercing 
screams and cries; within a few momeivtj&^QiH^t.- 
powered by the intennty of lYie pw:ox3j««i>V^ vp8«w 
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fell to the ground apparently senseless, and panting 
vehemently. The long' continuance and violence 
of the aflTection alarmed his companions, and they 
ran for professional assistance. They were, how- 
ever, encouraged by the person to whom they ap- 
plied to hope that ho would come out of his trance 
without injury, but for the space of two hours these 
symptoms continued ; he was perfectly unconsciousi 
of what he was doing, and was in every respect 
like a maniac. He states, however, that his feel- 
ings vibrated between perfect happiness and the most 
consummate misery. In the course of the afternoon, 
and after the first violent eflfects had subsided, he 
was compelled to lie down two or three times, from 
excessive fatigue, although he was immediately 
aroused upon any one's entering the room. The 
effects remained in a degree for three or four days, 
accompanied by a hoarseness, which he attributed 
to the exertion made while under the immediate 
influence of the gas. This case should produce a 
degree of caution, especially in persons of a san- 
guine tcmpenuiient, whom, much more frequently 
than others, wo have seen painfully and even alarm- 
ingly affected." 

The other case described by Professor Silliman 
waw that of a man of mature age, and of a grave 
and respectable character. " For nearly two years 
previous to his taking the gas his health had been 
very dt^licate, and his mind frequently gloomy and 
depressed. This was peculiarly the case for a few 
days immediately preceding that time, and his gen- 
eral state of ]iealth was such that he was obliged 
almost entirely to discontinue his studies, and was 
about to have recourse to medical assi.«ftance. In Ij 
this state of bodily and mental debility he inspired If 
about three quarts of nitrous oxide. Tlie conse- 
quences were an astonishing invigoration of hit 
whole system, and l\\e ttvo^X «.TSvAiute perceptions 
of delight. These w eie m^iivv^ei^^Yrj ^swxss^kqtqobcml 
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disposition for pleasantry and mirth, and by extraor- 
dinary muscular power. The effects of the gas 
were felt without diminution for at least thirty 
hours, and in a greater or less degree for more than 
a week. 

'* But the most remarkable effect was that upon 
the organs of taste. Antecedently to taking the gas, 
he exhibited no peculiar choice in the su:ticle8 of 
food, but immediately subse(juent to that event, he 
manifested a taste for such things only as were sweet, 
and for several days ate nothing but sweet cake. In- 
deed, this singular taste was carried to such excess 
that he used su^ar and molasses, not only upon his bread 
and butter and lighter food, but upon nts meat and 
vegetables. This he continues to do even at the 
present time, and although eight weeks have elapsed 
since he inspired the gas, he is still found pouring 
molasses over beef , fish, poultry, potatoes, cabbage, or 
whatever animal or vegetable food is placed before him. 

'* His health and spirits smce that time have been 
unifonnly good, and he attributes the restoration 
of his strength and mental energy to the influence of 
the nitrous oxide. He is entirely regular in his 
mind, and now experiences no uncommon exhilara- 
timi, but is habitually cheerful, while before he 
was as habitiially grave, and even to a degree 
gloomy. 

Such is a brief and a general account of the prin- 
cipal phenomena of Nature, and the most remark- 
able deductions of science, to which the name of Na- 
tural Magic has been applied. If those who have 
not hitherto sought for mstruction and amusement 
in the study of the material world shall have found 
a portion of either in the preceding pages, they will 
not fail to extend their inquiries to other popular de- 
partments of science, even if they are less marked 
with the attributes of the marvellous. Ixv ^^«c^ 
region of space, from the VnSvuiX^V^ ^%^%G^. 
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of the heavens to the *' dark unfathomed cares of 
ocean,** the Ahnighty has erected monuments of 
miraculous grandeur, which proclaim the power, 
the wisdom, and the beneficence of theL' Author. 
The inscriptions which they bear — the handwriting 
which shines upon their walls — appeal to the under- 
standing and to the affections, and demand the ad- 
miration and the gratitude of every rational being. 
To remain willingly ignorant of these revelations of 
the Divine power is a crime next to that of rejecting 
the revelation of the Divine will. Knowledge, indeed, 
is at once the handmaid and the companion of true 
religion. They mutually adorn and support each 
other; and beyond the immediate circle of our 
secular duties, they are the only objects of rational 
ambition. While the calm deductions of reason 
regi^te the ardour of Christian zeal, the warmth 
of a holy enthusiasm gives a fixed brightness to the 
glimmering lights of knowledge. 

It is one of the darkest spots in the history of 
man that these noble gifts have been so seldom com- 
bined. In the young mind alone can the two 
kindred seeds be effectually sown ; and among the 
improvements which some of our public institutions 
require, we yet hope to vtdtness a national system 
of instruction, in which the volumes of Nature and 
of Revelation shall be simultaneously perused. 

D. 

Alleblt, April 34M, 1832. 



THE END. 
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